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TECHNICAL MEMOWYD'LJN X-648 8 1 

MSFC INTEGMTED EXPERDENTS 

PRELIMINARY REPORT 

SECTION I. SUMMARY 

The Experiment Development and Payload Evaluat ion P r o j e c t  O f f i c e  
a t  t h e  George C .  X a r s h a l l  Space F l i g h t  Center  (MSFC) i n t e g r a t e d  f i f t y - s i x  
experiments on Skylab t h a t  supported i n v e s t i g a t i o n s  i n  s i x  s c i e n t i f i c  
d i s c i p l i n e s .  There were t e n  medical experiments t o  ass is t  i n  understand- 
ing man's ability t o  l i v e  and ope ra t e  e f f i c i e n t l y  during extended space 
i l i g ' n t s .  Six ear th  hesource  experiments provided information fundamental 
t o  the e f f e c t i v e  use and conse rva t ion  of n a t u r a l  r e sources .  Twelve ex- 
periments and one o p e r a t i o n a l  instrument  were flown on Skylab t o  provide 
d a t a  f o r  space physics s t u d i e s  t h a t  cannot be observed e f f e c t i v e l y  
through t h c  earth's s h i e l d i n g  atmosphere. Eighteen experiments were 
pcrformcd L O  s t u d y  material processing i n  t h e  absence of rhe e a r t h ' s  
environmental  c h a r a c t e r i s t i c s ,  i . e . ,  atmosphere and g r a v i t y .  E igh t  
eng inee r ing lope ra t ions  experiments provided s p a c e c r a f t  des ign  knowledge 
t o  enhance l i v i n g  and working i n  space.  Two experiments were t o  d e t e r -  
mine s u r f a c e  d e p o s i t i o n  and s u n l i g h t  s c a t t e r i n g  by  spaceborne contami- 
nan t s .  

T h i s  document provides the p re l imina ry  r e s u l t s  of t he  MSFC i n t e -  
g ra ted  experiments i f  a v a i l a b l e ,  o r  a d e f i n i t i o n  of the r e t u r n  d a t a  rhat: 
i s  being a n a l y z e d  and evaluated by the P r i n c i p a l  I r ivcs t iga to r  ( P I ) .  

Thc experiment program was a S U C C ~ S C  in s p i t e  of thc  e a r l y  
anomaly, i . e . ,  ~ h e  ne t eo ro id  s h i e l d  and solar p a n e l  loss  which r e s u l t e d  
i n  a v a i l a b l e  power  r e d u c t i o n  and the n o n - a v a i l a b i l i t y  of t h e  solar  
s c i e n t i f i c  a i r l o c k  (SAL) f o r  experiment o p e r a t i o n s .  Tiiis success was 
a t t r i b u t e d  t o  tils work-arounds t h a t  w e r e  developed and executed by t h e  
ground silpport personnel and the  Skylab f l i g h t  crews, I n  a d d i t i o n ,  t he  
r e a l - t i m e  f l i g h t  planning e f f o r t  proved t o  be a s i g n i f i c a n t  c o n t r i b u t i o n  
t o  t h e  high percent  of experimental  program accomplishments. 



SECTION 11. INTRODUCTION 

The Experiment Development and Payload Evaluat ion Pro jec t  O f f i c e  
(SL-DP) was r e s p o n s i b l e  f o r  i n t e g r a e i n g  75 experiments and the Proton 
Spectrometer,  an o p e r a t i o n a l  instrument.  

This r e p o r t  provides  a s i n g l e  r e f e r e n c e  source of t h e  e x i s t i n g  
p re l imina ry  experiment d a t a  r e s u l t s .  P a r t  o f  the d a t a  included has been 
e x t r a c t e d  from the  a v a i l a b l e  publ ished documents and t e c h n i c a l  papers 
which have been presented t o  v a r i o u s  s o c i e t i e s .  The sources, where 
a v a i l a b l e ,  a r e  noted i n  the  s u b j e c t  m a t e r i a l  and l i s t e d  i n  the Reference 
Section. Pre l imina ry  results concained h e r e i n  have been coordinated 
wi th  PIS and a p p r o p r i a t e  NASA personnel.  

This r e p o r t  i d e n t i f i e s  t h e  P I ,  h i s  o r g a n i z a t i o n a l  a f f i l i a t i o n ,  
the experiment o b j e c t i v e ,  t h e  preliminary d a t a  r e s u l t s  o r  t he  type of 
d a t a  c o l l e c t e d  during t h e  Skylab missions f o r  each SL-DP i n t e g r a t e d  
experiments ,  

The pre l imina ry  r e s u l t s  €or the n ine teen  s t u d e n t  experiments,  
which were i n t e g r a t e d  by SL-DP, a r e  presented i n  t h e  "MSFC Skylab 
Student P r o j e c t  Report". Table I l i s t s  the  experiments and i n d i c a t e s  
the NASA center development and i n t e g r a t i o n  r e s p o n s i b i l i t i e s .  
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Immi. s c i b 1 e A1 1 o y Compos i t io 11 

Kadioac t i v e  Tracer 
M-icrosegircgation i n  Germanium 
Growth of Sphe r i ca l  C r y s t a l s  
Whisker-Reinforced Composites 
Tndiim Ant imoiiide C r y s t a l  Growth 
Mixed 1 1 1 - V  Crystal. Growth 
f ia l ide  E u t e c t i c s  
S i l v e r  Grids  Melted i n  Space 
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TABLE I. SKYLAB FLIGHT EXPERIMENTS /LNSIIRUMENTS TNTGGRATED BY SL-DE' (Concluded) 

Proton Spec  ti:ornc t e r X 

NUPIBER 

X 

M566 
so09 
SO19 
so 20 
SO63 
so73 
5149 
5150 
5183 
S190A 
S190B 
s191 
5192 
SI93 
S194 
5201 
S228 
S 230 
S 233 
TO02 
TO03 
TO13 
TO 20 
TO 25 
TO27 

EXPERIMENT TITLE 

Aluminum- Copper Ezi t c c  t i c  
Nu cl e a- R mu I s i on  
UV Ste l l a r  Astronomy 
W/X-Ray Solar Photography 
UV Airglow Horizon Photography 
Gegeiis che in /Zod iaca l  L i  911 t 
P a r t i c l e  C o l l e c r i o n  
G a l a c t i c  X-Ray Mapping 
U 1 t r av io l e  t Panorama 
Mu1 tispectral Cameras 
Ea r th  T e r r a i n  Camera 
In f r a red  Spectrometer 
M u l t i s p e c t r a l  Scanner 
Microwave Radiomcter lSca t~erometer  61 A l t i m e t e r  
Microwave L-3and Radiometer 
Far UV Electronographic  Camera 
Trans-Uranic Cosmic Rays 
biagne t o  s pher i c Par t i c l  e Compos i tl5 o 11 
Kohoutek Photometr ic  Photography 
Manual. Navigation S i g h t i n g s  
I n  E 1 igh  t Aero so  1 Ana l y  s i s  
CrewlVehicle Disturbance 
Foot-Controlled Maneuvering Unit 
Coronagraph Contaminat i o n  Mc asuremcnt 
Contamination Measurement 

TOTAL EXPERIFENTS - 56 
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SECTION 111. SKYLAB EXPERLENTS 

A. Biomcdical 

Pre-Skylab missions (up  t o  14 days dura t ion)  have shown that 
exposures t o  t h e  spacc environment produce changes i n  t he  astronauts' 
body t i s s u e s  and systems, Even though changes were expected and 
p r e d i c t e d ,  c e r t a i n  ones o f t e n  d i i f e r e d  from the  p r e d i c t i o n s .  
o f f e r e d  e x c e l l m t  o p p o r t u n i t i e s  €or detailed s t u d i e s  o f  extendcd 
space f l i g h t  c f f c c t s  on man's physiological w e l l  be ing  while  provid ing  
meaningful b a s e l i n e  da t a  far v e r i f y i n g  e a r l i e r  p r e d i c t i o n s  and f o r  
p r e d i c t i n g  the  f u t u r e ,  longer -dura t ion  space f l i g h t  e f f e c t s  on man. 

The SkyLab biomedical experiments were developed t o  provide 

Skylab 

sys t ema t i c  invc!st igat ions and obse rva t ions  of man under conr ro l l ed  
cond i t ions  t o  determine his capabilities t o  live and work f o r  prolonged 
pe r iods  i n  t h e  space environment. Experiments selected f o r  per€orrnance 
on  che t h r e e  Skylab missions may be ca t egor i zed  i n t o  the  fol lowing 
genera l  biomedical d i s c i p l i n e s :  

Mineral  and hormonal ba lance ,  
Fiematology and immunology, 
Cardiovascular s t a t u s ,  
Energy expendi ture ,  
Neurophysiology and 
Biology. 

Development r e s p o n s i b i l i t y  f o r  a l l  biomedical experiments was 
a s s i g n e d  t o  the Lyndon E.  Johnson Space Center (JSC),  Wouston, Texas. 
IntegrarLon r c s p o n s i b i l i t y  f o r  those experiments having total o r  
p a r t i a l  dependence on c a r r i e r  hardware and systems was assigned to  
t h e  MSFC, Huntsvil.le, Alabaina. These experiments are: 

NO7 1 
M07 3 
N O 7 4  
M09 2 
Ma93 
MI31 
MI33 
MI51 
M 1 7 1  
M17 2 

Tab ie  17: 
the per€ormances 
of success. 

Mineral Balance,  
Biaassay of  Body F l u i d s ,  
Specimen Mass Neasurement , 
In-ElLght Lower Body Megative P r e s s u r e ,  
Vectorcardiogram, 
Human V e s t i b u l a r  Funct ion,  
S l c e p  Monitor ing,  
Time and Motion S t u d y ,  
Xetabol ic  A c t i v i t y  and 
Body Mass Measurement. 

provides:  t h e  t o t a l  number o f  planned pe r fa raances ,  
accomplishcd d u r i n g  each named f l i g h t  and the degree 
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M071 Mineral E a I . a r ~ c ~ .  

MU73 Bioassay of 6od.y F l u i d s  

PI074 SpcciinCI1 Mass Measurement 

M092 I n f l i g h t  Lower Body 

Ne g a t  ive  Pres s u r e  

NO93 Vectorcardiogram 

M13J. Human Vcstibu1.a.r F U ~ C ~ ~ O R  

M133 Sleep Monitnr ing 

M151 Time and Mot ion  Study 

M 1 7 1  Metabolic Activity 

MI72 Body Mass Measurement 

507 

1 7 1  

1 2  

153 

153 

9 1  

44 

81 

75 
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28 
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22 

22 
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1 2  

23 

1 9  

3 
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60 

59 

3 

50 

49 

24 

20 

29 

28 
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SL-4 

403 

7 7  

3 

67 
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43 

18 

29 

36 

3 

ACCOMPLI S€IMENT 
( Percent ) 

_I 

97 

96 

83 

91 

88 

89 

114 

100 
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1. M U 7 1  Mineral. Balance. The P I  for Experiment M071 is  nr. 
Donald Whedon, Nat iona l  I n s r i t u t e  of H e a l t h ,  Bethesda , Maryland. 

This  expsriment was t o  o b t a i n  d a t a  r equ i r ed  f o r  subsequent 
de t e rmina t ions  of space f l i g h r  e f f e c t s  on man's muscle and s k e l e t a l  
systems. I n f l i g h t  d a t a  ob ta ined  from each crewman included: a c c u r a t e  
food i n t a k e  r eco rds  (quantity and composition);  a c c u r a r e  f l u i d  i n t a k e  
r eco rds ;  d a i l y  body mass measurements; pooled u r i n e  samples; a l l  f e c e s  
and vomitus,  i f  any. In a d d i t i o n ,  i n f l i g h t  blood samples ( c o l l e c t e d  
as  a n  M l i U  o b j e c t i v e )  were r equ i r ed  by M071 and M073. The records and 
r e t u r n e d  samples are being analyzed and eva lua ted  to o b t a i n  q u a n t i t a t i v e  
assessments  of the  perLinent  biochemical (metabol ic)  c o n s t i t u e n t  changes, 
p a r t i c u l a r l y  wafer,  calcium and n i t r o g e n  du r ing  space f l i g h t .  

The experiment u t i l i z e d  o p e r a t i o n a l  hardware provided by t h e  
OW5 and experiment hardware provided by NO74 and M172. 

Data fo r  each crewman was obtained du r ing  t h e  mission p r e -  
f l i g h t ,  i n f l i g h t  and p o s t f l i g h t  phases wi th  no s i g n i f i c a n t  problems 
i d e n t i f i e d .  

Pre l iminary  experimcnt f i n d i n g s  are summarized as fol.lows : 
'Mineral  balance s t u d i e s  were performed on the t h r e e  Sky lab  v i s i t s .  
Resul t s  fron; t h e  f i r s t  TWO v i s i t s  i n d i c a t e  t h a t  the composition of 
che body is changed du r ing  exposure t o  weight lessness  as  evidenced 
by s i g n i f i c a n t  losscs of calcium, n i t r o g e n ,  and o t h e r  n u t r i e n t s .  
Analysis  of t h e  t h i r d  v i s i t  d a t a  are  not y e t  complete;  however, p re-  
l imina ry  r c su l t s  show t h a t  the c a l o r i c  requirements  du r ing  exposure 
t o  z e r o  g r a v i t y  arc nea r  t h e  one-g requirements." t31 

2 .  PI073 Bioassay of Body F l u i d s .  The P I  f o r  Experimenr M073 
is Dr. Carolyn Leach, JSC,  Houston, Texas. 

T h e  cxperimenc's purpose was t o  c o l l e c t  i n f l i g h t  u r i n e  Samples 
from each crewman, prese rve  by f r e e z i n g ,  and r e t u r n  them f o r  p o s t f l i g h t  
a n a l y s i s  and comparison with similar  p r e f l i g h t  and p o s t f l i g h t  data .  
A n a l y t i c a l  r c s u l t s ,  a long  w i t h  blood a n a l y s i s  and d i e t a r y  and fluid 
i n g e s t i o n  coricrol d a t a ,  a re  b e i n g  used t o  provide an insight :  i n t o  tile 
metabol ic  changes Lhat occur du r ing  space f l i g h t ,  

&&e experiment u t i l i z e d  o p e r a t i o n a l  hardware ( H a b i t a b i l i t y  
Support System) for t h e  u r i n e  s a m p l e  c o l l e c t i o n  and p rocess ing  and 
a l s o  u t i l i z e d  d i e t a r y  and f l u i d  i n g e s t i o n  c o n r r o l ,  blood and body 
mass data obtained from experimznts M071, M1.10, M074 and M172 proto-  
c o l s .  Data for  each crewman w a s  ob ta ined  du r ing  the mission p r e f l i g h t ,  
i n f l i g h t  and p o s t f l i g h t  phases ;  no significant problems were i d e n t i f i e d .  
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Pre l iminary  experiment f i n d i n g s  are  sununarized as t he  fol lowing:  
"A p re l imina ry  review o f  t h e  i n f l i g h z  d a t a  reveals metabol ic  changes 
i n  each man, sugges t ing  a p rocess  of adapt ion  t o  t h e  space f l i g h t  
environment. These  changcs were manifested by an apparent  a ldos te ronism 
t h a t  r e s u l t e d  i n  some sodium conserva t ion  and s l i g h t  l o s s e s  of  potassium. 
T o t a l  body sxchangeable  potassium was dccreased 4 t o  1 2  pe rcen t  i n  the  
t h r e e  : a m .  
p ~ s t f l i g h t  sanplcs from a l l  t h r e e  men. Epinephrine a n d  norepinephr ine  
were decreased  i n  t h e  i n f l i g h t  sample and inc reased  i n  t h e  p o s t f l i g h t  
samp Le. " 

C o r t i s o l  was s i g n i f i c a n t l y  e l eva ted  i n  t h e  i n f l i g h t  and 

[ 3 ] 

"The d a t a  c o l l e c t e d  compare ve ry  favorably  wi th  t h e  overall 
r e s u l t s  o f  t h e  f i r s t  two v i s i t s  wi th  t h e  main d i f f e r e n c e  b e i n g  i n  the 
e a r l y  phase o f  each v i s i t . "  [ 3 ]  

3 ,  9074 Specimen Mass, Measurement. The P I  f o r  Experiment 
$1874 i s  D r .  W i l l i a m  Tlzornton, JSC,  Houston, Texas, 

The experiment 's  purpose w a s  t o  u t i l i z e  a specimen measurement 
devtce (us ing  a l i n e a r  spring/mass pendulum) f o r  t h e  mass de te rmina t ion  
of  va r ious  o b j e c t s  i n  zero-g.  The objectives were to :  demonstrate  
mass measurement without: g rav i ty ;  v a l i d a t e  t h e o r e t i c a l  c h a r a c t e r i s t i c s  
of  rhs device ;  and suppor t  b ioned ica l  experiments (M071 and M073) dur ing  
mass de termina t ions .  

Reference c a l i b r a t i o n s  (us ing  known masses) were performed 
dur ing  the t h r e e  miss ions  and mass measurements of  food r e s i d u e  
and feca l  samples were a l s o  performed t o  suppor t  experiments  M071. 
and MOSS. 

A summary of experiment performance follows: "The specimen 
inass [ri~asarernen c device  demonstrated reasonably  good si. a b i l  i t y  
througboc?t a l l  t h r e e  v i s i t s ,  far  b e t t e r  than cha t  r equ i r ed  f o r  opera-  
t i o n a l  purp~ses, These ins t ruments  demonstrated r o u t i n e  mass measure- 
menr i n  space ( f o r  t h e  f i rs t  time) and performed adequate ly  f o r  
a e d i c a l  s u p p o r t  purpcses .  I n  a d d l r i o n  t o  the  problems encountered 
on the  t h i r d  v i s i t ,  an e i e c t r o c i c  package f a i l e d  dur ing  the f i r s t  
::anzed v i s i t  a n d  the package w a s  subsequently r ep laced  dur ing  t h e  
second Skylab vls i t ."  [ 3 ]  

4 .  XG92 I i i -Fl ight  Lower Body Sega t ive  Pressure .  The P I  
f o r  Experiment ME92 i s  Dr. Rober t  Sohnson, J S C ,  Houston, Texas. 
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This  experiment. u t i l i z e d  a lower body nega t ive  p re s su re  devic.e, 
a limb volume measuring system, and a blood p res su re  measurement sys-  
Lctil. 11: w a s  designed co determine the c a r d i o v a s c u l a r  decondi t ioning 
time course du r ing  space f l i g h t  and provide d a t a  f o r  p r e d i c t i n g  the  
degree of o r t h o s t a t i c  i n t o l e r a n c e  and physical  c a p a c i t y  impairment 
expected fol lowing r e t u r n  t o  e a r t h ‘ s  environment I 
c o l l e c t e d  from each crewman who p e r i o d i c a l l y  performed as the  t e s t  
s u b j e c t ,  w i t n  a second crewman i n  a t t endance  as observer .  

i n f l i g h t  d a t a  was 

Experiment d a t a  was c o l l e c t e d ,  as p l anned ,  throughout t he  
Skylab missions. 
necessary e a r l y  i n  trhe thFrd v i s i t .  This  m o d i f i c a t i o n  allowed t h e  
vacuum source t o  bc provided from the  S-IVB stage l i q u i d  oxygen 
t a n k  (which was not removed when the s t a g e  wa5 converted to the  
Workshop). The modified system opera t ion  was s a t i s f a c t o r y  th rough-  
out: t h e  t h i r d  v i s i t .  

An experimenr vacuum source  modi f ica t ion  was 

P rc l imina ry  experiment r e s u l t s  fol low: ‘’In almost a l l  czscs ,  
t he  i n f l i g h t  r e s t i n g  h e a r t  ra tes  o f  (111 t h r e e  crewmen were e l eva ted  
s l i g h t l y  above the  preflight ranges.  T h i s  c h a r a c t e r i s t i c  was 
least  pronounccd i n  r i l e  Commander who sometimes demonstrated l o w  
r e s t i n g  hear ;  r a t e s  e a r l y  i n  the  v i s i t .  After 6 weeks of f l i g h t ,  
t h e  Comander’s  r e s t i n g  and s t r e s s e d  heart  r a t e s  were u s u a l l y  close 
t u  o r  w i t h i n  p r e f l i g h t  ranges. By t h e  end of 7 weeks,  t h e  P i l o t  
a l s o  showed a tendency toward lowered r e s t i n g  and s t r e s s e d  h e a r t  
rates.  

I n c r e a s e s  i n  c a l f  volume du r ing  nega t ive  p r e s s u r e ,  as i n  t h e  
f i r s t  and second v i s i t :  crewmen, were much h i g h e r  than  the  p r e f l i g h t  
values .  These increases,  which reached t o  as h i g h  as 9 o r  IG per-  
cent i n  t he  S c i e n t i s t  P i l o t  and P i l o t ,  made i t  necessary  t o  replace 
rhe reference band wi th  a backup band aL te r  v i s i t  day 3 7 .  The r e fe rence  
band w a s  r e tu rned  t o  v e r i f y  t h e  a u t h e n t i c i t y  of t h e  high r ead ings .  

The i o s s  of ca l f  g i r t h  i n  t h e  t h i r d  v i s i t .  crev was smaller 
than i n  e i t h e r  t h c  first; o r  second crew. E e i r h e r  t he  i n i t i a l  loss 
nor t h e  subsequeric domward t r e n d  was as g r e a t  as p rev ious ly  r eco rded ,  
and a f t e r  t h e  f i r s t  6 o r  7 weeks, no c o n s i s t e n t  downward t r e n d  occurred.  

T h e  p o s c f l i g h t  c a r d i o v a s c u l a r  responses  t o  lower body nega t ive  
pressure  appeared to be q u i t e  similar t c  those observed i n  the  si+cond 
v i s i t .  crew. By tile f i f t h  day a l t e r  f l i g h t ,  t h e  r e s t i n g  and s t r e s s e d  
h e a r t  ra tes  wers v e r y  c l o s e  t o  r h e  p r e f l i g h t  ranges.’’ 133 

5. M093 VectorcardioPram. The P I  f o r  Experimenc M033 i s  
D r .  Newton Allcbach,  Naval Aerospace Medical I n s t i t u r e ,  Pensacola,  
F l o r i d a .  
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This experiment was t o  measure e l e c t r o c a r d i o g r a p h i c  p o t e n t i a l s  
of each crewman dur ing  the  rnissiori p r e E i i g h t ,  i n f l i g h t  and p o s t f l i g h t  
phases .  Changes noted iil tlie hear t ' s  e l e c t r i c a l  a c t i v i t y  are  to be 
c o r r e l a t e d  wi th  prolonged weight lessness  and o t h e r  s t ress  c o n d i t i o n s  
and compared t o  changes known t o  occur a f t e r  s p e c i f i c  phys io log ica l  
i n t c r v c n r i o n s .  I n  a d d i t i o n ,  vectorcardiogram measurements were taken 
t o  derecr and measure s i g n i f i c a n t  c a r d i a c  even t s  and c a r d i a c  system 
changes d u r i n g  space f l i g h t .  

No s i g n i f i c a n t  p ro toco l  v i o l a t i o n s  were nored du r ing  t h e  
experiment performances. 

The fol lowing summarizes the  preliminary r e s u l t s :  "The 
initial e v a l u a t i o n  of p o s t f l i g h t  d a t a  i n d i c a t e s  a r a p i d  r e t u r n  of 
t h e  v a r i o u s  vectorcardiogram parameters coward p r e f l i g h t  va lues .  
Inflight and p o s t f l i g h t  vectorcardiogram a l t e r a t i o n s  seem t o  follow 
 he. t rends  observed on t h e  previous t w o  v i s i t  crews." (31 

6 .  MI31 Fluman Vestibcllar Function. The P I  f o r  Experiment 
M131 i s  5r. Ashtan Grayb ie l ,  Kava1 Aerospace Medical I n s t i t u t e ,  
Pensacola,  F l o r i d a .  

T h i s  experiment was t o  determine: whether t h e  a s t r o n a u t ' s  
s u s c e p t i b i l i t y  t o  s e m i c i r c u l a r  c a n a l  s t i m u l a t i o n  changes as a f u n c t i o n  
of time i n  zero-g and whether prolonged absence of g r a v i t a t i o n a l  
s t i m u l i  produced changes i n  g r a v i t y  r e c e p t o r  a c t i v i t y  and thus change 
the  a s t r o n a u t ' s  judgement of s p a r i a l  coord ina te s .  The expe r inen t  w a s  
accomplished by r o t a t i n g  each crewman (as a t es t  s u b j e c t  s e a t e d  i n  a 
c h a i r )  about a n  axis  which passes through t h e  s u b j e c t ' s  c e n t e r - o f -  

' 

g r a v i t y  and i s  pe rpend icu la r  t o  a plane pass ing  through t h e  l a t e r a l  
c a n a l s .  
and a t  a predetermined programmed r o t a t i o n a l  acceleration/decelerarion 
p r o f i l e .  

The c h a i r  was r o t a t e d  a t  a predetermined r o t a t i o n a l  v e l o c i t y  

The fo l lowing  sumniirizes t h e  pre  i imina ry  experiment f i n d i n g s  : 
,he most s i g n i f l c a r i t  d a t a  y i e l d e d  frorn experiment N 1 3 1  was i n  t h e  

area of notior, s i ckness .  Five of ~che n l n e  Skylab crewmen experienced 
some dsgree of d iscomfor t  t h a t  rzsenblec! motion s i ckness  du r ing  

a d a p t a t i o n ,  n l l  ~ r e m e i i  becam essentially imnune t o  motion s i c k n e s s  a s  
provoked 'by t:,le experiment: M 1 3 1  p r o t v c o l .  T h i s  i nc reased  t o l e r a n c e  t o  
vestibular S ~ T C S S  transferred to the p o s r f l i g h t  pe r iod  f o r  a l l  crewmen. 
The: f i r s t  and second v i s i t .  C ~ C N  d i d  not  r e t u r n  t a  t h e i r  b a s e l i n e  l e v e l s  
of susceptibility unt i l .  appsox ima tz ly  60 days a f t e r  recovery.  

I l q -  

the f i r s t  sev;..-- days of t h e  v i s i t .  Following t h i s  i n i t i a l  p e r i o d  of 

?io overall t r ends  have been det*c.ted with e i t h e r  t he  o c u l o -  
gyral i l . i u s i o n  or spatial l o c a l i z a t i o n  tc:st;s; however, d e c a i l e d  com- 
~axifia;-is  of daca from t h e  three v i s i t s  are  not complete. Some creTi;T;.a 

t szc ied  t'o scc the ocu logyra l  i l l u s i o n  w i r h  s l i g h t l y  g r e a t e r  f requency 
._ A 



i n f l i g h t  wh i l e  o t h e r s  saw t h e  i l l u s i o r ,  with equal  o r  s l i g h t l y  l e s s e r  
frequency ihan p r e f l i g h t .  The impor tan t  f a c t  i s  t h a t  a l l  crewmen 
c o u l d  see L i z e  i l l u s i o n  i n  z e r o  gravity and th i s  i n d i c a t e s  t h a t  the s e m i -  
c i r c u l a r  c a n a l s  of t h e  i n n e r  ear were i n t a c t  and were func t ion ing  
normally.  " E31 

7 .  M133 S leep  Monitoring. The P I  f o r  Experiment ME33 i s  
D r .  James F r o s t ,  Baylor  School of Medicine and Texas Methodist  
Hospi ta l ,  Houston, Texas. 

This experiment :.as t o  e v a l u a t e  s l e e p  q u a n t i t y  and q u a l i t y  
oE one crewman d u r i n g  proionged spacz f l i g h t .  The e v a l u a t i o n  was 
made. by an  autonaLic onboard a n a l y s i s  of elecLraencephalagraph (EEG) 
and e lec t ro-oculograph  (EOG} a c t i v i t y .  The experiment was conducted 
on s p e c i f i e d  n i g h t s ,  and t h e  analyzed s l e e p  d a t a  was te lemetered t o  
the ground f o r  comparison with t h e  s u b j e c t ' s  p ref l l igh t  b a s e l i n e  
da t a .  Data H a s  a l s o  recorded onboard and r e t r i e v e d  tapes of such 
d a t a  a r e  being u t i l i z e d  i n  a d d i t i o n a l  d e t a i l e d  ana lyses .  

P r z l i n i n a r y  experiment r e s u l t s  a r e  sumvarized i n  t he  following: 
"A preliniinary a n a l y s i s  of the t h i r d  visit d a t a  shows a marked 
decrease  i n  ro t a1  res t  and t o t a l  s l e e p  of t h e  S c i e n t i s t  P i l o t  du r ing  
t h e  first 35 d a y s  of the v i s i t ,  A f t c s  35 days,  t h e  S c i e n t i s t  P i l o t  
appeared to  approach h i s  p r e f l i g h t  b a s e l i n e  l e v e l  and d i sp layed  an  
i n c r e a s e  i n  :lie deeper s t a g e s  of s l e e p  and a corresponding dec rease  
i n  i i g h t e r  s tages  o f  s l e e p .  The v e r y  p re l imina ry  analysis indicares 
t h a t  t h e  changes observed i n f l i g h t  on the t h i r d  v i s i t  correspond to 
some e x t e n t  w i t h  those seen du r ing  t h e  28-day f i r s t  v i s i t . "  [ 3 ]  

"The a l t e r a t i o n s  of the i n f l i g h t  s l e e p i n g  p a t t e r n s  showed 
no adve r se  e f f e c t  upon the crew performance c a p a b i l i t y . "  [ 3 ]  

8. M151 Time a d  Motion Study. The PI  f o r  Experiment Ni51 
i s  Dr. J. Kubis,  Fordham U n i v e r s i t y ,  Bronx, New York; D r .  Edward J. 
NcLaughlin,  NASA Headquarters ,  OMSF, Washington, D.C. is the co- 
i n v e s t i g a t o r .  

' 'The purpose of cxpcrimenr Mi51 i s  t o  s t u d y  rhe a d a p t a b i l i t y ,  
m o b i l i t y ,  and the f i n e  and g r a s s  motor a c t i v i t y  i n  work and t a s k  
perr'orrnance d u r i n g  space f l i g h t .  Mution p i c t u r e s  were raken p r i o r  
t o  f l i g h t  and  du r ing  f l i g h t  t o  a l low t a s k  eva lua t ions . "  111 

Twenty-three photogrsphs were taken of crew a c t i v i t i e s  on SL-2,  
29 or1 SL-3 and 29 on S L - 4 ;  and these  d a t a  are  being analyzed. 

"Al l .  photography requirements   ere accomplished w i t h  the 
except ion  o f  documenting one experinent >I509 (Astronaut  Manuevering 
Equipment) t es t .  i n  a d d i t i o n  to the requirements, four  experi- 
:::L'nt ~1092/M093/M171 t e s  rs were photographed, 



Only a p a r t i a l  Screeiiing 01 t h 2  r e tu rned  1 6 - m  f i l m  from the 
t h i r d  v i s i t  has  been completed, A c o r r e l a t i o n  of t h i s  v i s i t  vo ice -  
dump d a t a  t i i t h  t e l eme t ry  i -ndica tes  that  t h e  t h i r d  v i s i t  r e s u l t s  w i l l  
compare f avorab ly  t o  those  of f i r s r .  and second v i s i t s .  

The t h i r d  v i s i t  da t a  appears  t o  support  t h e  theory t h a t  7 to 
14 days ace r e q u i r e d  t~ f u l l y  a d a p t  t o  the  zero  g r a v i t y  environment, 
The t i m e  i n i t i a l l y  required depends on t h e  nriture of t h e  task, and 
the type and f requsney  of p r e f l i g h t  t:rsir,ing accomplished. 

The t h i r d  v i s i t  crew b e t t e r e d  t h e i r  bes t  experiment M092 
p r e f l i g h t  performance t ine  on t h e i r  second inflight t e s t  which was 
performed on v i s i t  days 10 and 11. There was .some v a r i a b i l i t y  i n  t h e  
performance time u n t i l  v i s i t  day 30 when t h e  c r e ~  c o n s i s t e n t l y  began 
t u  improve u n t i l  t hey  were b e t t e r i n g  the i r  b e s t  p r e f l i g h t  t i m e  by 
alnost 20 pe rcen t .  

The importance t h a t  good f i d e l i t y  p r e f l i g h t  t r a i n i n g  has  on 
e a r l y  i n f l i g h t  performance was t h e  E i r s t  e x t r a v e h i c u l a r  a c t i v i t y .  
The t h i r d  v i s i t  crew completed riic cnsk o r i g i n a l l y  planned f o r  two 
s e p a r a t e  e x t r a v e h i c u l a r  activities i n  one 6 1/2-hour e x t r a v e h i c u l a r  
a c t i v i t y .  The Lzicreased eff ic ie izcy i s  a t t r i b u t e d  t o  the  n e u t r a l  
buoyancy t r a i n i n g  w h i c h  al loti ld end-to-end t a s k  s imula t ion  i n  t h e  
same manner as  i n  z e r o  g r a v i t y .  

9 .  M I 7 1  Metabolic A c t i v i t y .  The PI f o r  Experiment MI71 i s  
M r .  Edward Michel,  JSC, Houston, Texas. 

This  cxpcrlrcent was i:o measure, usir,g a metabol ic  ana lyze r  and 
b icyc le- type  ergometer,  m m ' s  metabolic r a t e  w h i l e  performing nechanica l  
work and r e s t i n g  i n  a space environment. %e crew member's metabol ic  
ra tes  were measured i n  rerns or' oxygen c.onsurnption and carbon d iox ide  
product i o n .  Addl tionai :ista c01 l ec t ed  i n c l u d e d  r e s p i r a t o r y  exchange 
r a t i o ,  minute voluma, vical. c a p z c i t y ,  body tcmpcrarure,  ergometer 
work r a t e ,  ergomccer r p ,  arzd t o z a l  work. T h e  experiment a l s o  
a f fo rded  an c p 2 o r t u n i t y  ta e v a l ~ a t e  the b i c y c l e  ergometer as an 
exerciser  ?or  long d u r a t i o n  t i i i s s i ~ i ~ s  

k - e I i a i n a r y  experinsnt i - e s u i t s  are sunmarized as  follows : 
C r e w  i i-. f P i g :i t 13 h y s 5 o 1 o g i c s 1 r e s  pari s e s t o  exe r c i s e were e s s en- 

t i a l l y  w i t h i a  t h e  p r e f l i g h t  b a s e l i n e  ranges throughour the v i s i t .  
A decr*ased vital cap&ci . ty  was observed inEl ig i l t  i n  a l l  the crewmen, 
but tlie decrsasc 6:d ; lot  appear t o  interfere w i t h  t h e i r  a b i l i t y  t o  
e x c r c i s s .  k h a i i t s t i m  o f  .he p o s r f i i g h t  pulmocary f u x c t i o n  c e s t s  
Ladicares no s i g n i f i c a n t  d i f f e r e n c e s  Zrom values  o b t a i n e d  p r e f l i g h t ,  
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i nc lud ing  v i t a l  capac i ty ,  Immediately p o s t f l i g h t ,  however, a l l  crewmen 
e x h i b i t e d  a s i n g i f i c a n t  decrement i n  t h e i r  response t o  t h e  experiment 
e x e r c i s e  protocol. as compared t o  the  p r e f l i g h t  o r  i n f l i g h t  responses.  
The most  obvious i n d i c a t i o n s  of t h i s  were i n  e l e v a t e d  h e a r t  r a t e s  and 
decreased a c a r d i a c  ou tpu t  f o r  t h e  same workload and oxygen consumption, 
A s i g n i f i c a n t l y  decreased p o s t f l i g h t  s t r o k e  volume was observed only i n  
t h e  Commander. 
as noted i n  the  previous Skylab crews, b u t  t h e  t h i r d  v i s i t  crew re tu rned  
t o  normal more r a p i d l y .  
rnerers were a t t a i n e d  4 days a f t e r  recovery." 

All of  t he  changes were of t h e  same orde r  of magnitude 

P r e f l i g h t  b a s e l i n e  range values f o r  most para- 
f31  

10. M172 Body Mass Measurement. The P I  f o r  Experiment M172 
i s  D r .  W i l l i a m  Thornton, JSC, Houston, Texas. 

This  experiment was to:  demonstrate body mass measurement i n  
a zero-g environment; v a l i d a t e  t h e o r e t i c a l  behavior  o f  the device;  and 
s u p p o r t  biomedical experiments ( M O 7 1 ,  M073, and M171). Body mass d e t e r -  
minat ions were made us ing  a l i n e a r  spring/mass pendulum pia t form o r  
s e a t .  The mass being measured determined the pendulum period which 
was e l e c t r o n i c a l l y  timed and converted g r a p h i c a l l y  t o  d i r e c t  mass 
r ead ings .  

P re l imina ry  experiment r e s u l t s  are summarized as fol lows:  
"The body mass measuring experiment was conducted d a i l y  by each 
crewman, The device demonstrated a c c u r a t e  and simple mass measure- 
ment of t he  body i n  ze ro  g r a v i t y .  For  human nass  measurements, 
r e p e a t a b i l i t y  of 350  grams was demonstrated, wh i l e  t h e  a b s o l u t e  
maximum e r r o r  w a s  e s t ima ted  t o  be  S400 grams o r  less." E33 

"The body mass measuring dev ice  was c a l i b r a t e d  t h r e e  times 
dur ing  t h e  visit. The device  had e x c e l l e n t  performance and s t a b i l i t y ;  
f o r  example, u r i n e  s a r p l e s  were measured t o  an accuracy of a f e w  grams 
when adequate calibration means were a v a i l a b l e ,  The p r a c t i c a l i t y  
of making mass measurements, o t h e r  than t h e  human body, was demon- 
s t r a t e d  on t h e  most d i f f i c u l t  material t o  measure u s i n g  this method, 
namely l i q u i d s .  Urine was measured du r ing  t he  second v i s i t .  and 
Coolanol f l u i d  du r ing  the  t h i r d  133 
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t h e  Gulf o f  Mexico. . Se lec t ed  d a t a  was obta ined  over  Western Europe, 
North Af r i ca ,  I ran,  Nepal, Thai land ,  Indones ia ,  A u s t r a l i a  and 3apan. 
Data was recorded on approximately 95,000 f e e t  of  magnetic t ape  and 
38,000 f r a n e s  of photography, i . e . ,  18,000 frames by SIgOA,  3,000 
frames by S1903 and 17,000 €rams of  l6mm f i lm.  Midway through t h e  
d a t a - t a k i n g  sequences a new improved d e t e c t o r  array was i n s t a l l e d  
i n  t h e  S192 M u l t i s p e c t r a l  Scanner r e s u l t i n g  i n  much improved thermal 
i n f r a r e d  (LR) imagery. 

The SL-4 mission provided ca r tog raph ic  d a t a  over  Gran Chaco, 
Paraguay, wh i l e  t h e  v e h i c l e  w a s  i n  t h e  s o l a r  i n e r t i a l  mode. The 
d a t a  obta ined  a l so  included:  the seasona l  ' v a r i a t i o n s  t o  complement 
e a r l i e r  SkyLab d a t a ;  the GEO-C unmanned s a t e l l i t e  c a l i b r a t i o n  s i t e  
and the wind-sea wave h e i g h t  and s e a  s t a t e  over  the l a r g e s t  s torm i n  a 
decade. 

The SL-4 crew provided many v e r b a l  d e s c r i p t i o n s  of ground 
f e a t u r e s  from v i s u a l  obse rva t ions ,  such as f l o o d i n g  i n  A u s t r a l i a .  

Data fo r  141 PI'S was obta ined  and w i l l  p rovide  an a p p l i c a t i o n  
o r  u t i l i t y  i n  a l l  t h c  s t a t e d  d i s c i p l i n a r y  a reas .  S i n c e  the mission,  
NASA has  had  a sensor  eva lua t ion  of  the  f u n c t i o n a l  performance, 
geometr ic  performance and r ad iomet r i c  performance conducted on f l i g h t  
data. 

The Ear th  Resources Observat ion Data C e n t e r  w i l l  provide 
imagery d a t a  t o  t h e  gene ra l  pub l i c .  Their address  is: 

U.S. Deparrrnent o f  t h e  I n t e r i o r  
EKOS Data Center  
User Se rv ices  
Sioux F a l l s ,  South Dakota 57198 
Telephone: 1-405-594-6511 

1. S190A H u l t e s p e c t r a l  Cameras. This  s ix-channel  commonly 
bo res igh ted  camera provided m u l t i s p e c t r a l  photographs i n  s i x  d i s c r e t e  
wavebands from .4 t o  0.88 Eicrons .  The f / 2 . 8  l e n s e s  had a 6- inch 
focal lengch. The d a t a  w i l l  be used mainly f o r  mapping and rad iance  
measurements. 

"Four of t h e  cameras w e r e  opera ted  wi th  black-and-white f i l m  
and used o p t i c a l  f i l t e r s  i n  f r o n t  of  t he  Fens t o  r e s t r i c t  t h e  s p e c t r a l  
bands photographed by t h e  camera. Two of the s i x  camera s t a t i o n s  
were opera ted  with s p e c i a l  haze f i l t e r s  and used c o l o r - i n f r a r e d  f i l m  
i n  one case  and  h i g h - r e s o l u t i o n  c a l o r  film i n  the o t h e r .  Each t i m e  the 
caniera w a s  opera ted ,  six photographs were taken  s inu l t aneous ly :  f o u r  
w i t h  blzck-and-white f i l m  ( through t h e  s p e c t r a l  f i l t e r s )  , one wi th  
c o l o r - i n f r a r e d  f i lm ,  and one w i t h  normal co lor  f i lm."  [43 
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, -  The r e g i s t r a t i o n  cc-ipabi i i t y  of supe r ixposed  images from more 
than one ceinera s t a t i o n  was k c c e r  fzan ZCI neeers on the ground. 

r t  1 Trle measured r e s s o l u t i ~ n  capa . i ; i l i tg  of  .the. camera for" 
the  color h igh  reso lu t ior i  "fi;m was apgroximate.:.:; 27  m yet- l i n e  p a i r  
f o r  high-contrast s i t e s .  This resolution was approximately the value 
expected from p r c f i f g h t  t e s r s .  





Lmage on a s u i c a b l e  topogrsphic  o r  p l a n i m e t r i c  base map wi th  an 
iristruxnenr s u c h  as a :<ern PG-2 p l o t t e r  i s  e x c e l l e n t  f o r  mapping 
purposes .  For this purpose the Skylab S-190R c o l o r  s t e r e o - p a i r  
gives t h e  best r e s u l t s  because i t  has high r e s o l u t i o n  (-15-20 
rncters) and of fe rs  the  advantage of color f o r  d i s c r i m i n a t i o n  of 
c e r t a i n  resorrrces. ' 1  [5] 

2., Sl9013 E a r t h  Terrair. Camera. This camera obtained h igh  
r e s o l u t i o n  photography u t i l i z i n g  an f/4 l ens  with a n  18 inch f o c a l  
length to be mainly used i n  support: of o t h e r  EREP sensors and u s e r  
o r i e n t e d  srilrlies. "The measured r e s o l u t i o n  l i m i t s  were approximately 
15 m per. line p a i r  from color  fi lm and approximately 9 rn per  l i n e  
p a i r  1Y;:)iR biack and whi te  f i l m .  Performance of rlie camera was w i t h i n  
expected limits for a l l  parameters.  ' 1  [4j 

Research pe r sonne l  a t  the Vniversi ty  of Kyoming have a p p l i e d  
Skylab  v f s u a l  iniagery t o  gene ra l  geo log ic  mapping, mineral  e x p l o r a t i o n ,  
Tectonics land rise and vegetation mapping. 

A t y p i c a l  SL9OB photograph i s  shown i n  f i g u r e  2. It i s  r ep ro -  
ducer! fram a co lo r  i n f r a r e d  photograph of sou the rn  Louis iana showing 
Irh h . i s s i s s i p p i .  River m a n d e r i n g  southward from Baton Rouge. The 
smaller body oE water is Lake h u r e p a s  which' i s  connected t o  Lake 
Pontchartrain by a canal. 

3 .  Si91 I n f r a r e d  Spectrometer.  This experiment combined 
FnErarcd s p e c t r o n e t e r  with a viewfinder  t r a c k i n g  sys tern. The 
spec t roxc tc r  sensed incomimg r a d i a t i o n  froin a Cassegrain o p t i c a l  
syszem i n t o  a s h o r t  wavelength from 0.4 t o  2.5 microns and long 

an 

wavelength from 6 , 6  t o  1G.O-rnicrons. 
had a zoo3 c o n t r o l l e d  t e l e s c o p e  wi th  range from 2.25 t o  22.5. The 
da ta  w i l l  be used mainly for  atmospheric a t t e n u a t i o n  and r a d i a t i o n  of 
surface featxres over a broad spectral  range. 

The viewfinder  t racking  sysrem 

"Typical. s p e c r r a l  da t a  obtained with the spectrometer  are  
s?:own i n  f i g u r e  3 .  
spacecraft was o v e r  Xkite Sands, New Hexico, on a €oggy morning. 
OnIy Lh.e chermal region o f  the spectrum i s  shown. For  c o m p a r i s ~ n ,  
.the l i n e  at 2h.s cop o f  t!w figure shows t h e  spectrum measurcd 'by a 
s.i.m.la.r specrrociccer mounted i3 a h e l i c o p t e r .  The d i f f e r e n c e  
Setween che two s p e c t r a  i s  produced by atmospheric  a b s o r p t i o n  of 
c;:rimn dicxi.de, ozone, and water vapor.  The d i f f e r e n c e  observed 
i 1 ': ., Is .< .~ .~ .L. . 

dzc;; r , ,~.~i-c':c d from above. ?he atmosphere. 
normal 1.y z'iiroughout t h e  m i s s  ioil, and a l l .  i t s  perforniance characteris- 
t..l.cs x9~:x-z witl~-~:r, expected t o l e r a n c e s .  ' I  L4-j 

'Rie lower spectrum ~ 7 a s  obtained when the Skylab 

. .. 

,<,Lc:s the u s e  o f  S I 9 1  da t a  t o  determfne atmospheric e f f e c t s  on 
The spectrometer  performed 

J_ .: 
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FIGURE 2. TYPICAL 519013 PHOTOGRAPHY 
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FIGURE 3, TYPICAL 57.91 SPECTRA DATA 

4 I -__I S I 9 2  5 k i l t i s p e c t r a l  Sc,anner, This  experiment obta ined  
high-spacial reso1uCIon, l i n e  scan data  of  refl .ected and emi t t ed  
ear95 r a d i . a t l o n  into 13 d i s c r e t e  spectral  wavebands from 0.4 to 
1 2 0  5 ixicrons 



FIGURE 4.  5192 MULTISPECTRAL SCANNER IMAGERY OF HOLT COUXTY, NEBRASKA 
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FIGURE 5 ,  IMAGERY FROM THE 

IMPROVED THERMAL 

YUMA, ARIZONA REGION O3TAIN;ED W I T H  THE 

DETECTOR 
23. 



The a b i l i t y  t o  perform lithographic maFping wi th  t h e  5192 
d a t a  has g r e a t  p o t e n t i a l .  

5 ,  S i 4 3  Microwave Radiometer/  S c a t t e r o m c t e r  and Alt imeter .  
This experiment QbCained a c t i v e  and p a s s i v e  microwave r a d i a t i o n  d a t a  
f o r  land and ocean s t u d i e s  a t  13.9 GEIz. Near simultaneous d a t a  on 
r a d a r  d i f f e r e n t l a l  back s c a t t e r i n g  cross s e c t i o n  & pass ive  microwave 
thermal emission over  land h; ocean areas i s  being i n v e s t i g a t e d .  
r a d a r  a l t i m e t r y  data w i l l  be eva lua ted  f o r  des ign  o f  f u t u r e  spaceborne 
a I time t e r s . 

Also 

"Typical radiometer  and scatterometer d a t a  co l l ec t ed  from 
Hurricane Ava o f f  t h e  coas t  of  Mexico a re  shown i n  Figure 6.  S c a t t e r o -  
rnerer and radiometer  dara  i n  t w o  p o l a r i z a t i o n s  are  shown. 
a t  t he  c l o s c s t  approach of the S i 9 3  sensors t o  Che c e n t e r  o f  t h e  
h u r r i c a n e  were approsimztely 90 klil/hr, wi th  wavc he ights  of 10 m. 
The changes of s i g n a l  show2 by b o t h  smsors as the  s p a c e c r a f t  passed 
by rhc storm are caused p r i m r i l y  Iiy changes i n  W R V ~  h e i g h t ,  a l though 
rain clouds produced some i i i f e c t .  As wave h e i g h t  i nc reased  n e a r  che 
storm c e n t e r ,  b ~ t h  t h e  s c a t t e r e d  s i g n a i  i n t e n s i t y  asd the microwave 
b r i g b  t n e s s  t e n p e r a t u r e  inc reased  by aaounts  a p p r a x i m r e l y  expected. 
These d a t a  a r e  being acalyzed t o  determine rl-rc f e a s i b i l i t y  fo r  wave 
mapping of  such S ~ O ~ T E S  

The winds 

Analysis o f  radiometer  performance i n d i c a t e d  t h a t  emit ted 
r a d i a n t  power was measured with an accnracy of  a t  l eas t  4 percen t  
(correspooding t o  a b r i g h t n e s s  temperature  accuracy 0 2  27 K) and with 
5 p r e c i s i o n  of  a t  l e a s t  2 percenr  (or 21.5%) f o r  t y p i c a l  ground 
scenes.  

0 

The s c a t t e r o m e t e r  performance w.zis such that  t h e  r e f l e c t e d  
s i g n a i  was measured w i t h i n  an accuracy of  4 percen t  f o r  t y p i c a l  ground 
s c e n e s ,  with a pl-ccfsion of a t  l e a s t  2 percent .  The scatteromerer 
w a s  a b l e  t o  measure re f lec ted  s i g n a l s  t h a t  v a r i e d  i n  ampli tude by a 
fac tor  of g r e a t e r  than 10,000 to 1 with the accuracy and p r e c i s i o n  
given above." [ A )  

Aii example c f  the a l t i rnc te r  performance is shown i n  f i g u r e  7 
where ciis "g round t rack  c r o s s e d  t h e  Pue r to  Rican T ~ e n c h ,  t h e  s i c e  of  
s major anomaiy i n  the  E a r t h ' s  g r a v i t a t i o n a l  f i e l d .  Because 0 5  Che 
anomsLy rrhe s u r f a c e  of t h e  ocean deviares cons ide rab ly  from mead sea 
level ir, t h i s  region." (Sea f i g u r e  8) 14.1 The i l l u s t r a t i o n  shows 

v a r i a t i o n  of  approximately 20 Eeters. I'The altimeter measurements 
agret. w e l l  with independenc aeasurements of the a c t u a l  sea l e v e l  i n  
t:- rc;;Loi?. The a l t i m e t e r  performance w a s  evaluated from measurements 
0 2  sea su r face  i n  r e g i o n s  sfmilar t o  elie Puer to  Rican Trench. Tne 
scc i l racy of t h e  altitude measurement was f-7 meters with a p r e c i s i o n  of 

i'n c . . ~ -  c; deprc:ssion below the mean Sea l e v e l  correspond5ng t o  a n  a l t i m e t e r  

-2 ' iy , L L L T . "  ii :, 14; - 
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6. SI96 liicrowave I,-Ik?fid Radiometer.. T h i s  experFme:it o b t a i n e d  
passive microwav2 r a d i a t i o n  d a t a  measuring ea r th  surface b r igh tness  
t eapc ra tu re  a t  i , 4  GSz, 

"An ixiarnple. o f  zhc c i a ~ a  produced by the S194 s e n s o r  i s  shown 
ir: F i g u r e  9 .  Yhz spacecraft moved from Baja California across the 
Q . 7  u r  f cf Cziifornia and or, i ~ t o  Mexico a l o n g  t h e  gromdcrac .k  showr, in 
L f i f i  nsp ~5 t l r , ~  t op  of  t::ie f i g u r e .  The zatenaa f o o t p r i n t '  Fs  shown as 
c i r c i e s  on rile. f l i g h t - p a t h ,  The s o l i d  circle r ep resen t s  t h e  half-power 
+.< 
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p o i n t  on the  antenna p a t t e r n  and corresponds to a c i r c u l a r  area 124 km 
i n  diameter.  The f i r s t  n u l l  i n  t h e  antenna p a t t e r n  i s  shown by the  
dashed c i r c l e  o f  285 km i n  diameter.  

The p l o t  i n  the lower p o r t i o n  of Figure 9 shows the radiometer  
response along t h i s  groundtrack. Radiometer response i s  sham i n  
t e r m  o f  microwave b r i g h t n e s s  temperature ,  which i s  def ined as follows. 
The S194 radioserer measures t h e  i n t e n s i t y  of microwave energy emit ted 
from the  Earth.  It i s  convent ional  t o  express t h i s  i n t e n s i t y  i n  
terms of  a ' t empera tu re , '  which corresponds t o  the  temperature of  a 
b l a c k  body t h a t  would produce the  observed r a d i a t i o n  i n t e n s i t y .  A 
l o w  microwave b r i g h t n e s s  temperature could a r i s e  e i t h e r  from a l o w  
thermometric temperature o r  from a l o w  emissivity, because e i t h e r  
f a c t o r  could reduce the emi t t ed  energy. The low ' temperature '  o f  
the sea shown i n  F igu re  9 i s  caused by i t s  l o w  emis s iv i ty .  
s u r f a c e s  have e m i s s i v i t i e s  approaching t h a t  of a b lack  body, S Q  t h a t  
t hc  microwave ' temperatures '  of  Figure 9 f o r  land s u r f a c e s  are c l o s e  
t o  a c t u a l  temperatures." 14 J 

Land 

"Cor re l a t ions  were obtained between moisture con ten t  of  the 
s o i l  and r ad iomet r i c  d a t a  from SI93 and S194 and the 5293 Scat terometer .  
The c o r r e l a r i o n s  ind icace  that  microwave sensors may be q u i t e  u se fu l  
f o r  such measurements i n  t h e  future." 

I b  
ISLE DE WADALUPI 

- 
-u' '? 

0 1 6 9  24% 
kr8 

FIGLXE 9 ,  EXAMPLE OF DATA PRODUCED BY THE SI94  SENSOR 
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C .  S p i c e  Phys ics  

The Lox; d u r a t i o n  SkyZnb niission flights above the  earth's 
atmosphere combined with t h e  scientlfic data return c a p a b i l i t y  (such 
2 s  film and samples) proved i d e a l  f o r  performing many space physics 
expe r i men c s + 

Tab:le I11 provides : t h e  t o t a l  number of planned f u n c t i o n a l  
objectiv2.s ( F a ) ,  t h e  numbers performed during each inanned f l i g h t  acd 
t he  degree of success. 

Tlie a l t rav ioLer  e.missions from stars and galaxies can only be 
srudicd from da tz  oStained above. the e a r t h ' s  atmosphere which filters 
ultraviolet: L i g h t .  
p r o x i n a t c i y  80 perccnr of their l i g h t  i n  t h e  ultraviolet wavelengths 
were studied by two experiments 

Xewly forming and young h o t  stars that: emit ap- 

UIie experirnenc a lso o b r a i n d  data on the  zod iaca l  l i g h t .  The 
ear th ' s  atmosphere in te r fe res  w i ~ h  the low light l eve l  neasurements 
taken by grljund based instruments of the s u n l i g h t  s c a t t e r i n g  from 
i c r e r p l a n e t a r y  d:ist par t ic les  + 

Pr imary  cosmic rgy particle data was recorded during t h e  Sky lab  
rnFsslcm befor? t:he p a r t i c l e s  i n t e r a c t e d  w i t h  molecules i n  t h e  atrnos- 
phere t o  fiirn secondary par t ic le  showers t h a t  have been observed from 
ljai 100l-i~ . 

P1i.c.roaetsorice par'iicles encountered during ths Skylab mission 
were c a r u r e d  (before  they burned entarirlg the earth's atmosphere) by 
exposing capture surfaces on t he  spacecraft exterior fur many days .  
The Earfaces weril. r e r u r n e d  to earth for analysis w i t h  Electron micro- 
scopes.  

Daca an  the  charged p a r t i c l e s  trapped i n  t h e  earth's magneto- 
sphei-c, tkLratigki which Skylab passed  were obta ined .  

S o l a r  X-ray spec . t r a  which cannac be observed from the ground 
due to zi:mosph~r:ric r , b w r p t i o n  w k r e  recorded on film during EVAs. 

L. 50Cs.3 3:iclear ~nz~: . ls ion,  The PI for Experiment SO09 was 
Uc, $laurice 14, Shapiro, Naval Research Laboratory (NU), Washington, 



TABLE 111. ACCQMPLISI@EXT OF EXPERIXENT FUNCTIONAL OUJECTIVES 

EXPERIMENT TITLE 

Space Physics  [ 7 ,  8,  91 

SO09 Nuclear  Emulsioti 

SO19 UV S t e l l a r  Astronomy 

SO20 UV/X-Ray Sola r  Phorography 

5063 W Airglow Horizon Photography 

SO73 Gcgenschein/Zodlacal Light  

5149 P a r t i c l e  Collection 

5'150 GalacEic X-Ray Mapping 

SI83 U l t r a v i o l e t  Panorama 

5201 Far UV El.cctronographic  Camera 

S228 Trans-Uranic Cosmic Rays 

S230 Magnetospheric P a r t i c l e  Composition 

S233 Kohou trek Pho tome r r  i c Pho tr ogr apliy 
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analysis T h i s  
t Loris above r.he 
cnn.ilsLon) and i 

fki.ght o i fe red  the  opportnnity for extended observa- 
ea r th ' s  3 t : m u s p t > ~ ~ . e  (bt i t  not: s t i f f i c i e n t  t o  fog t h e  

t was exparted t ha t  l a r g e  quantit i .es o f  new informa- 
t i o n  would tie obt.aj.ried about the  char-ge d i s t r i b r i t i o n  of these primary 
cosmic rays .  

'I'tsc! packsgc W A S  cIt?pl.oyed OII SL-l/SL-2 and rttnrr'rect 28 days 
l a  t e r for- a ria 1 y s i s . 
on SI,-1 had caused the indi.viduaI.  erntrlsion layers t o  f u s e  together, 
rnaki.ag analysis i.mpossi b l e .  

[!ti Err r t una LC l y t tie h i g h  - t e m p  ra tur e s experienced 

A new package was I.aunched and s ~ ~ c c c s s f u l l y  deployed for the 
f u l l .  term 011 SL-4,  lt is c u r r e n t l y  u1ide.r i r i ves t iga t ion  at N R L .  DP- 
t . a i lcd  ana1ysi.s and i r i te rpre t :a t ion  is ex.pccted t o  rake longer than a 
year .  However, i n i t i a l  examiriation ind:i.cates that w i t h  optimum 
development arrd processit lg 0-f I:he nitclear emulsion st r ips ,  a large 
quai1t:f.t.y of information sl-mrld be obt:ained. Thc range of ~ t l c l e f  where 
best: data  w i l l .  be abtai.nE!d is nnw expected t o  be between Z=l6 and 28. 

2 .  SO19 I.IV+_St:elLal: A a c r o i m ~ .  The PI €or  Experiment SO19 is 
Dr. Karl, Henize,  a s c i e n t i s t :  astronaut JSC, Ifouston, Texas. 

'The. g u r p ~ s e s  were: t o  o b t a i n  moderate d i s p e r s i o n  s t e l l a r  
spect:ra ranging  frtorn 3005 
l o t i u n  t o  permi t  the st:t.idy of ul . tzaviolcr  (UV) l i n e  spectra and of 
s p e c t r a l  energy d i s t r i b u t - i o a s  of ea r ly  type stars; and t o  o b t a i n  l o w  
disptirs:i.on UV spec t ra  in .  several  Milky Way starfields and in nearby 
ga1axi .e~.  The ~xperiment i ised an ob jec t ive  p r i s m  spectrograph Lo 
record rhe spectra  on f i l rn  w h i c h  was returned rs) e a r t h  f o r  analysis, 

t o  L400 2 w i t h  sufficient wavelength reso- 

%.E expceirnenr was perfrrrrmed OR all .  Skylab missions. One 
f i l m  c:anist:er was returned CKI SL-2 ,  l:wa film canisters w e r e  r e tu rned  
on $1,-3, and two on SL-!+. Some SO153 f-rames were used by Experiment: 
1.52 83 and Student. Experir im~ts  ED23 arid ED26 .  

'The. spectral .  data wi.11. permit :  d e r a i l e d  physica l  anaLysis of 
t h e  US rar?iat:i.on Prom h,untlreds of i n d i v i d i i a l  s tars  nebulae,  and 
iuterst:ell-at .  d u s t .  This Large selection o f  s t e l l a r  subjects will 
pt -av ide  the  statistical d a t e  for comparison against ex i s t ing  t h e o r e t i -  
c a l  models. S p e c i a l  emphasis i s  being given t o  a search for previously 
t.ir!stjspcct:ed anomal.ie& 3.11 t h e  phy3:iss of stars and the interstellar d u s t  

Frrzrn t h i s  s p e c t r a l  data, it v i l e  be possible.  t o  measure the 
e x i  st-cJrice and r e l a t i v e  intensity o f  absorption and emission lines, 
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The s p e c t r a l  in format ion  w i l l  provide i n s i g h t  i n t o  t h e  o r i g i n  and 
composicion of t h e  stars,  emission nebulae ,  and t h e  i n t e r s t e l l a r  
dusr .  The remperature ,  p re s su re ,  and s i z e  of the s t a r ' s  atmosphere 
w i l l  be determined from the  s p e c t r a l  da t a .  Changes i n  temperature  
and p r e s s u r e  w i l l  i n d i c a t e  t h e  na tu re  of t h e  star's energy,  o r  lumi- 
n o s i t y .  These environmental  de te rmina t ions  w i l l  p rovide  added i n f o r -  
marion on t h e  age ,  l i f e  span ,  n a t u r e  of the  mass e j e c t i o n  mechanisms, 
star formation p rocesses ,  and evo lu t ion .  

The exposures  obta ined  on SL-4  inc luded  14 exposures  o f  Comet 
Hohoutek. il. quick-look a t  t h e  data i n d i c a t e s  that  the comet W emis- 
s i o n s  do not  occur  b e l  w 3000 1. The on ly  ZTV spec t ra l  l i n e  observed 
t h u s  f a r  w a s  t h e  3040 1 hydroxyl l i n e .  

3. SO20 UV/X-Ray S o l a r  Photography. The P I  €or Experiment 
5020 i s  Dr. R. Tousey, Naval Research Labora to r i e s ,  Washington, D.C..  
The o b j e c t i v e  was t o  o b t a i n  s o l a r  s p e c t r a  i n  t h e  10 t o  200 8 wavelength 
reg ion .  Spec t ra  from the  quiet (non-f la r ing)  sun and du r ing  one 
( o r  more} s o l a r  f l a r e  were obta ined .  The s p e c t r a  covered 10 t o  100 
on the  upper ha l f  o f  each f i l m  s t r i p  and 20 t o  200 8 on the lower 
h a l f .  

The experiment was o r i g i n a l l y  planned t o  be opera ted  from 
the  s o l a r  SAL. The meteoroid shield f a i l u r e  and subsequent s o l a r  
SAL u n a v a i l a b i l i t y  n e c e s s i t a t e d  experiment p repa ra r ion  f o r  ope ra t ion  
duririg EVA. The hardware t o  accomplish t h i s  was prepared and 
launched on SL-3. Two f i l m  magazines and two  sets of  f i l t e r s  were 
launched on SL-4. 

The experiment w a s  ope ra t ed  du r ing  St-4 EVAs 2, 3 and 4.  
Nine exposures  w e r e  t aken ,  f i v e  from one magazine du r ing  EVA 2 and 
3 and four from rhe o t h e r  magazine du r ing  EVA 4 .  Table IV l i s t s  the 
exposures and comments on anomalies ,  

Gcnera l ly ,  the  s p e c t r a  were f a r  less  i n t e n s e  than  expec ted ,  
by a f a c t o r  o f  10 t o  100. This  s low speed r e s u l t  i s  anomalous and 
n o t  understood.  On the  s h o r t  wavelength s i d e  of t h e  spectrum 
about  a half  dozen ve ry  f a i n t  l i n e s  are p resen t .  When t h e  f i l t e r s  
were measured a € t e r  r e t u r n ,  indium, which w a s  t h e  s h o r t  wavelength s i d e  
f i l t e r ,  was found t o  be almost  completely opaque; whereas the j e r y l l i u m ,  
the  long wavelength s i d e  f i l t e r ,  t r a n s m i t t e d  t h e  same as p r e f l i g h t  
except  f o r  some s l i g h t  deterioration toward the longer  wavelengths,  
which were o u t s i d e  the  experiment 's  range. A p o s s i b l e  explana t ion  
f o r  the t r ansmiss ion  l o s s  is contaminat ion from t he  s p a c e c r a f t .  
Coalanol leakage i s  suspec ted  as a contaminat ion source,  b u t  t r a n s -  
mittance measurements o f  Coolanol and the f i l t e r s  a r e  inconclus ive ,  
A p o s s i b l e  exp lana t ion  fo r  t h e  s l o w  speed,  i n  a d d i t i o n  t o  contaminat ion,  
but  one t h a t  can never  be checked, i s  t h a t  t h e  ins t rument  was improperly 
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TBBTX LV, EXPERLIEHT 5020 OPERATIONS 

Film Magazine Number 
and Film Slot  Number 

3-  2 

3-3 

3 -4 

315 

4 -  1 

2 

4 - 3  

--e-- 

60 

30 

14 

7.5 

45 

60 

30 

7 . 5  

EVA 
Number 

2 

3 

4 

5. 

4 

4 
A- 

_-- 
F i l t e r  
Number - 
3 1. 

31 

31 

31 

31 

41 

41 

41 

41 

Comments 

This and a17. exposures 
made on EVA 2 are Less 
i n t e n s e  t h a n  t h e  7.5 
m i r i d  exposure on EVA 4 

___ 

Made dur ing  a f lare;  
more i n t e n s e  than 
exposure 3 - 3  

Second most i n t ense  
s p t? c t x: urn 

Most i n t e n s e  b u t  Lines  
are t r i p l e d ,  not  
curved, anti 38 shorter  
than all other spectra 

Apparently lmt d u r i n g  
prelaunch f i l m  
1 oading 

mountcd and d i d  not  p o i n t  a t  clic sun  i n  t h e  plane perpendicular  t o  
t.he s'1:i.t:. However,, t h e  crewman examined the boresight:  device several 
times and r epor t ed  t h a t  the. i n s t r u m e n t  remained pofnred st: t he  sun .  
Ifad the boresight: device: been misal igned during launch,  khe two images 
provided b y  I t  would probably  have been d i sp laced  from each o t h c t  t o  
an oxtonr noticeab1.e by  the crewman, 

One exposed film sbowed t r i p l e d  l i n e s .  On examination a f t e r  
A t r c o v e r v ,  one film s t r i p  was rnissing Erom film magazhe number 4 ,  

possible  explanation 5 s  chat the film s tr ips  were loose in t h e  f i l m  
drlm because the f i l m  d i d  not: have the same t r a n s v e r s e  curl as normal. 
type 101 t i t m ,  T h i s  c u r l  halds t h e  EfZm strip in place in the drum. 
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The s p e c t r a l  l i n e s  p re sen t  i n  the long wavelength p o r t i o n  
from 111 t o  208 2 a r e  more i n t e n s e  due t o  t h e  longer  exposure time than  
i n  the b e s t  r o c k e t  spectrum ob ta ined  by ?yTcL t o  d a r e ,  but  ve ry  few, i f  
any new l i n e s  a r e  p r e s e n t  on the h i g h e s t  c o n t r a s t  p r i n t s  c u r r e n t l y  
a v a i l a b l e .  

The re la t ive i n t e n s i t y  d i f f e r e n c e s  between t h e  5020 spectrum 
and the  b e s t  NRL rocke t  s p e c t r a  appear t o  be small in t h e  wavelength 
range covered, however the  contamination problem makes q u a n t i t a t i v e  
comparison d i f f i c u l t .  The SO20 spectrum seems t o  confirm the  NRL 
r o c k e t  s p e c t r u n  ove r  t h e  e n t i r e  wavelength range covered i n  common. 

One s o l a r  f l a r e  was recorded by 5020. The f l a r e  was recorded 
on film s t r i p  1 / 3 4 .  
t h e  7.5 minute exposure, The l i n e s  recorded are more i n t e n s e  than  
the  l i n e s  i n  the  previous 14 minute exposure. However, all l i n e s  
present a r e  i n  trhe 170-200 8 wavelength range. 
predominantly from t h e  middle i o n i z a t i o n  stages of i r o n ,  which was 
not  expected t o  be enchanced g r e a t l y  du r ing  a s o l a r  flare. It i s  
t e n t a t i v e l y  concluded t h a t  r easons  o t h e r  than the f l a r e  account f o r  
the d i f f e r e n c e  between these  exposures,  

It began 2.5 minutes a f t e r  t he  commencement of 

These l i n e s  are 

4.  SO63 LTV Airglow Horizon Photography. The P I  fo r  Experiment 
SO63 is  D r .  Donald W. Packer,  Naval Research Laboratory,  Washington, 
D.C.. The experiment was to  photograph, a t  visible and t?V wavelengths,  
the e a r t h ' s  ozone l a y e r ,  t w i l i g h t  a i rg low and r e l a t e d  t a r g e t s  such as 
noc t i l t i cen t  c louds ,  aurorae and r ed  arcs, 

Experiment SO63 was not performed on SL-2. The a i rg low and 
r e l a t e d  t a r g e t  d a t a  FO's were o r i g i n a l l y  planned t o  be acquired by 
photography through the s o l a r  SAL. Due t o  rhe  thermal s h i e l d  deploy- 
ment, t he  so lar  SAL was not  available for experiment o p e r a t i o n s ,  A 
s u c c e s s f u l  workaround was e s t a b l i s h e d  t o  achieve t h e s e  FO's by hand- 
h e l d  photography through the s t r u c r u r a l  t r a n s i t i o n  s e c t i o n  or Command 
Module (@I) windows and by u s i n g  SO63 equipment m a t e d  w i t h  an  a d a p t e r  
t o  t he  SO19 A r t i c u l a t e d  Mirror System (AMs) a t  the a n t i - s o l a r  SAL. 

I n i t i a l l y  s i x  FO's w e r e  approved i n  t h e  SL-3 f l i g h t  plan.  
A s  a r e s u l t  of t he  crew's d e s i r e  t o  do more experiment work r a t h e r  
thazl have f r e e  t i n e ,  1 2  FO's were completed. No data  w a s  acquired 

'on two t a rge t s -o f -opFor tun i ty ,  the r e d  a r c s  and n o c t i l u c e n t  clouds,  

The d a t a  w i l l  enab le  a b e t t e r  understanding of  the  ozonosphere,  
which p r o t e c t s  the e a r t h  from i iV r a d i a t f o n .  The r e l a t i o n s h i p s  between 
the atmospheric behav io ra l  p a t t e r n s ,  s o l a r  a c t i v i t y  and e a r t h  weather 
p a t t e r n s  can be s t u d i e d .  An improved genera l  understanding of atrmos- 
p h e r i c  phenonena will be an a d d i t i o n a l  b e n e f i t  from t h e  data c o l l e c t e d .  
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Ozone d a t a  was o b t a i n e d  on two o e c n s i o r ! ~  (dur.i.ng the  ST,-3 
mission) i n  cnnjunctinn with undesf l ight .s  by h igh  a l t i t u d r ?  a i r c r a f t  
of  t he  cont+nversi .al  : jet  exlnazisr effects on the  ozonosphere.  

k r i n g  SL-3, 34 Visi.hle and 1.0 IJV exposwes of the a i rg low 
were obtai-ned, 53 v i s i b l e  and 64 UV ozone exposures were obta- ined 
w h i l e  thei clrlster was i n  the solar i n e r t i a l  and Z - a x i s  l o c a l - v e r t i c a l  
orientations. Eig:ht:y-fi.\re aurora  coLor photographs were obtained.  
The exposures provi.ded m i n i m u m  da ta  €o r  airglow eva lua t ion  ( i .e. ,  
3 visLblte exposrireG), s ince the PT WRS es tab l . i . sh ing  ape r tu re  settings 
dur ing  t h e  SL-3 mission, 
f o r  evaluation and the  aurora photographs provided 65 exposures. 

T h e  ozone photographs y i e l d e d  58 exposures 

The PI believes t h a t  the ntrmber of 52-4 exposures will be 
adequate for  s c i e n t i f i c  eval.iiatir-rn which i n c l i ~ d e s  1.1. IR airglow,  202 
ozone, 13 c m e t  (11 visilr ' le arld Z W ) ,  3 aurora, and possibly 40 
noc t i  l.ucent: c1.otids. 
Nfkon ctlmera, w1ii.ch had a focus:i.ng p r o b l ~ m .  

Numeltom SL-4  plzot.op,-rap!~s were Losr hy tise of  t h e  

5, 5073 GeEnsChe i  ______ ii&odiacal &j&. The P I  f o r  Exper imen t  
S O 7 3  i s  Dr, J .  Weinherg, Direc tor  for the Space hstronorny Laboratory,  
S t a r e  Un ive r s i ty  o f  Now Ynrk at Albany, hlbany,  New York, 

The experiment was t o  measure the brightness a ~ d  p o I a r i z a t i o n  
o f  t h e  skyglow ( p r i m a r i l y  zodiacal. l i g h t  and starl.ight) over as large 
a portion of the c e l e s t i a l  sphere as p o s s i b l e ,  Zodiacal 'I-ight i s  l i g h t  
r e f l e c t e d  f r o m  d u s t  i n  t h e  s o l a r  system, The Gegenschein i s  that 
b r i g h t :  p o r t i o n  o f  t h e  zodiacal  l i g h t  tha t :  appears  i n  t h e  a n t i - s n 1 . a ~  
direct . i .nn,  where the  s u n l i @ i r  i.s r e f l e c t e d  180 degrees ,  

A photometer system was extended from t h e  ancf-solar SAL 
d u r i n g  bo th  the S t - 2  and SI,-3 missions t o  mcastire t h e  hr igl i tncss  and 
p o l a r i z a t i o n  o f  t h e  skpglfiw i n  10 d i f f e r e n t  c o l o r s ,  The data was 
tel.emetered to the ground for ana lys i s .  Du.ri.ng t h e  SL-2 mission, a 
airnril.taneoufi measurement of  a r e g i o n  i n  t he  sky was made from Sky lah  
and t h e  ground s t a t i o n  i n  Hawaii. A t  n e a r l y  t h e  same time, Pioneer  10 
made p h o t o e l e c t r i c  measuremenrs of  this area, An area oE the sky was 
mapped by this experiment du.ring the  SL-2 m.issi.sn and by Pioneer 11 
from rlw ear!:h sl'.de aE t'he asteroid b e l t .  

Prel iminary photometer data  a n a l y s t s  i n d f c a t e s  that  the  e f f e c t s  
of atmospheric a irg low and con tamina t ion  can be separated from zodlaca l  
1. ight m e a s u r e m e n t s ,  Resu1r.s f r o m  Sky1a.b and P i o n e e r  i n d i c a t e  that the 
s o l a r  sysrern d u s t  d F s t r i b u r i o n  diminished l i n e a r l y  from the  sun  t o  the 
s p a c e c r a f t  mak€np; the observation, for d i s t a n c e s  between one nstraaomi- 
caL unit (AU) and two AU, A t  dL5tancas greater than t w 5  AU, this 
r e l a t i o m h i p  no longer  applies. Indieations are that: t h e  dust: I n  
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t he  solar system i s  no t  p r i m a r i l y  located i n  t h e  a s t e r i o i d  b e l t ,  b u t  
r a t h e r  may 5, remnants ox o r i g i n a l  d u s t  remaining from the  formation 
of the s o l a r  system or the  d e b r i s  from comets. 
a n a l y s i s  i s  cont inuing.  

The telemetry data 

During the SL-3 mission,  t he  photometer system f a i l e d  t o  
r e t u r n  t o  a r c t r a c t a b l e  p o s i t i o n  which r e s u l t e d  i n  the u n i t  being 
e j e c t e d  from the SAL p e r m i t t i n g  the  SAL t o  Se used by o t h e r  e x p c r i -  
nears. No addi t ional .  photometer system ope ra t ions  were p o s s i b l e ,  
Seven 35mm photographs of t h e  Gegenschein were taken during the  SL-3 
mission from t h e  a n r i - s o l a r  SAL us ing  SO63 f i lm .  Three r o l l s  of 3 5 m  
f i l m  w e r e  used i n  the Nikon camera wi th  the TO25 canister and SO19 
ME a t  the  SAL t o  o b t a i n  photographs of zod iaca l  l i g h t ,  g a l a x i e s ,  
cometary d e b r i s  and l u n a r  l i b s a c i o n  r eg ions  du r ing  the  SL-4 mission, 
These photographs were ob ta ined  du r ing  seventeen n i g h t  pas ses ,  
The S L - 4  photographs were a l l  out-of-focus and i t  appears t h a t  t h e  
g a l a c t i c  photography cannot provide u s e f u l  information;  however, 
the  o t h e r  photographs are be ing  d i g i t i z e d  and analyzed f o r  b r i g h t n e s s  
information. 

6 .  S I 4 9  P a r t i c l e  Collection. The P I  for  Experimcnt 5149 
i s  Dr. C. Fiemenway, D i r e c t o r  of the Dudley Observatory,  Albany, 
Xew York, The 5149 experiment was t o  determine t h e  mass d i s t r i b u t i o n  
of rnicrometeoritcs i n  n e a r - e a r t h  space. 

Four sets of micrometeorite c o l l e c t i o n  c a s s e t t e s  were launched 
on SL-1. Two s e t s  were r e t u r n e d  on the SL-3 CM, one on the SL-4 C F I ,  
and one was deployed on t h e  ATM thermal s h i e l d  du r ing  the las t  S L - 4  
EVA where i t  remained a f t e r  t h e  SL-4 mission, The p resen t  p l an  r e q u i r e s  
c a s s e t t e  r e t r i e v a l  by a later manned space program t h a t  i nc ludes  a 
Skylab revis i t ,  

One s e t  returned on SL-3 was exposed du r ing  the unmanned 
pe r iod  between the  SL-2 and the  SL-3 missions.  It was deployed by 
the  TQ27jS073 u n i v e r s a l  ex tens ion  mechanism and faced i n  t h e  a n t i -  
s o l a r  d i r e c t i o n .  The second set  r e t u r n e d  on SL-3 and the  s e t  r e t u r n e d  
on SL-4 were exposed during the  r;ianned phases of SL-3 and SL-4. These 
two se t s  were operated by manually opening and c l o s i n g  t h e  c a s s e t t e s  
f o r  exposure du r ing  planned EVAs. The S149 EVA opera r ion  became the  
primc method o€  deploying the experiment: a f t e r  the loss of the  
T027/5073 ex tens ion  mechanism afid the nonava iLab i l i t y  of t h e  solar 
SAL. 

C a s s e t t e  a n a l y s i s  i n d i c a t e s  t h a t  rhe number of high v e l o c i t y  
inpacc c r a t e r s  were about I O k 6  particles/M 2 s e c  which is much l a r g e r  
t h a n  p r e d i c t e d  from Pegasus measurements and more consistent wi th  
p r e v i ~ o u s  ba l loon  f l i g h t s .  
p a r t i c l e s '  f r a g i l i t y  which p e n e t r a t e d  the  v e r y  t h i n  gold foil .  on 

This  d i f f e r e n c e  i s  appa ren t ly  due t d  the  
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2.1.49 and s h a t t e r e d  he fore pene t  r a t i n g  lower layers, From t h e  pr(!- 
Ximinary samp:Le stcidy therr? is a s t r o n g  possibility t h a t  most parL ic i e s  
i.n space are not: mZi.d- i ron hodies  h u t  a r e  very  f rag i . le  stony bodies. 
These fragile partic1.e tll,.tlsters idere irisi-i E f i c f e n t  i n  penetrati .on pnwer. 
t o  he measured by Pegasus. 
solar s i d e  were also very h igh ,  

The flux measurements Q ~ I  the v e h i c l e ' s  

Further studj-ea are being cnndticted on the returned samples. 

7. Sl5U Galactic _x_- X-Ray Map-, Thp Pl fo r  Experiment 5150 
i s  Ur. Wi lliatn Kraushaar, Fhysfcs Department, Un ive r s i ty  of Wlscnnsln, 
Madison, Wi.sconsi n. 

The experiment equipment ~ 7 a ~  dttveloped under t h e  d i r e c t i o n  of 
T k .  Alan Blmner ,  ai: t-he Urtjvcrsity af Wisconsin. 

The experiment was to d e t e c t  X-rays having an energy level 
twtween 200 and 10,000 electrons v o l t s .  I t s  purpose was: t o  s e r v e  
RS Che i n i t i a l  thin-window s o f t  X-ray experiment i n  a s a t e l l i t e  
o r b i t ;  to  examine, w i t h  h i g h  sensitivity, t he  d i E f u s c  s o f t  X-ray 
background in s e l e c t e d  regi.ons o f  the sky; t o  t e s t  hypotheses that  
the s o f t  X-ray back~grmind could  be produced by B class  of niimeraus 
point sources such as o p t i c a l l y  f a i n t  stars; and to examine t h e  
!naduI.ation o f  soft: X-r-ay da ta  by geophysical and s o l a r - r e l a t e d  e f f e c t s  
pert.t!-i.ar t o  o r b i t i n g  payloads. 

Slot :  collimators d e f i n e d  th ree  d i f f e r e n t  f i e l d s  of view, each 
about  1.5 by 18 degrees ,  and were scanned skmultaneously, 
r~ieni: o p e r a t e d  from a deployed position in the  Instrument IJnlr o n  t h e  
S a t u r n  IV-€3 stage a f t e r  separa t ion  o f  the SL-2 Comniand and Service 
tfodu1.e. The e n t t r e  Instruinent U n i t / S - I D  veh ic l e  maneuvered accord ing  
t o  a pre-planned 'program t o  allow viewing t h e  des i r ed  portions wf the  
c:eI.estial sphc!re, Proportional coun te r s  d e t e c t e d  t h e  X-ray ~ V C D ~ S ,  
and disrritni.riat.ors and accumulators  provided on-board pulse-h.eFght 
a n a 1 y s . i ~  t o  sa!ralogue the  events according t o  energy ranges, Charged- 
par t ic : le  and cosm:i c-ray w e n t s  were recognized aid s u h t r a c t e d  from the. 
X-ray d a t a .  
1:o p r m i d c  c a l i b r a t i o n  di.,ta, 

The exper-i- 

An Iron-55 radioactive source  was acttinted perlodicxlly 

Experi.ment.: crj)eraki.on was s u c c e s s f u l  for  approximately t w o  hours 
( o f  a hoped-for three. orbits), a f t e r  which a leak Fn t h e  p ropor t iona l  
roi.!n t e r  window { 2 micron " R i m f n l " )  terminated the experiment. Among 
rile X-ray sources  idet t t i . f ied  t o  da t e  are Tau X-1 ( the Crab Nebula),  
!:fie Ralaxies p?87 and 7 C 3 5 7 6 ,  and the sun, 
so lar  X-rays s c a t t e r e d  by t h e  e a r t h ' s  atmosphere and charged par t i c l e s  
f'rom the magnetosphere sfre being s tudied,  

I n  addition, t h e  data from 



Since SlSO i s  rhe most s e n s i t i v e  low-energy X-ray d e t e c t o r  
flown t o  d a t e  the data  ob ta ined  promises t o  make a c o n t r i b u t i o n  i n  
f o u r  major a reas :  

ft has surveyed low-energy X-ray emissions from several p i n t  
sources and can use the  well-known Crab Nebula for c a l i b r a t i o n  and 
f o r  evaluating the d e n s i t y  and abundances of i n t e r v e n i n g  i n t e r s t e l l a r  
ma t t e r  

It should  be p o s s i b l e  t o  e s t i m a t e  the low-energy X-ray component 
Q C  t h e  i s o t r o p i c  d i f f u s e d  background known t o  e x i s t  over much of the 
e lec t romagne t i c  spectrum and estimate how much is due to e x t r a -  
g a l a c t i c  sou rces  or t o  numerous scars near our  galaxy. 

Occasionally, t h e  instrument  scanned tha e a r t h * s  ho r i zon  du r ing  
d a y l i g h t .  It was a b l e  t o  measure t h e  X-ray albedo r e f l e c t e d  from 
the  e a r t h ' s  atmosphere and af ter  a n a l y s i s  i t  may be possible t o  sugges t  
new uses  f o r  t h i s  albedo i n  atmosphere s t u d i e s .  

Since the  s p a c c c r a f r  moved through t h e  e a r t h ' s  magnetic f i e l d  
con tour s ,  SlSO observed v a r y i n g  count r a t e s  due t o  high-energy 
t rapped charged p a r t i c l e s .  The data will provide a d d i t i o n a l  i n f o r -  
mation t o  f u r t h e r  understanding of  t h i s  complicated phenomenon which 
Elas been a source of concern to many X-ray astronomers.  

The d a t a  i s  c u r r e n t l y  being analyzed a t  t he  U n i v e r s i t y  of 
Wisconsin. 

8. S183 U l t r a v i o l e t  Panorama. The P I  for Experiment 5183 i s  
D r .  George Caurtes ,  Labora to i r e  d'bstronomie S p a t i a l e ,  Marseillcs, 
France. 

This experiment vas t o  o b t a i n  the c o l o r  i n d i c e s  of  s t e l l a r  
objecLs. The S I 8 3  spec t rog raph  c r e a t e d  two n e a r l y  superimposed 
images each 600 a wide of a s e l e c t e d  s t a r f i e l d  on a s i n g l e  photographic 
pLaLe. One image was cen te red  i n  a s p e c t r a l  band about  1878 and t h e  
o t h e r  about 2370 8. An o p e r a t i o n a l  1 6 m  Da-ta A c q u i s i t i o n  Camera (DAC) 
a t t a c h e d  t o  rhe spec t rog raph ,  simultaneous1 phorographed t h e  s t a r f i e l d  

2560 8, 
being exposed by the spectrograph i n  a 360 1 bandwidch cen te red  around 

The SI83 experiment w a s  performed on all t h r e e  Skylab missions. 

Although of s c i e n t i f i c  v a l u e ,  t he  q u a l i t y  of the photographs 
taken or, SL-2 were poorer  t han  expected, The spectrograph photographic 
p i a t e s  e x h i b i t e d  s e n s i t i v i t y  ~ O S S  and l a t e n t  imaging fading,  Exposures 
ob ta ined  e a r l y  i n  the miss-lon w e r e  mure s e r i o u s l y  degraded than  chose 
t&en l a t e r .  Photographs ob ta ined  wirh t h e  I3AC were out  of focus, 
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Figure 10 i.s a 21 minute  cxpowtico o f  the  Large MagelZanfc Cloud 
showing tiat blue slrars. T h i s  i .s t h e  galaxy nearest OCITS, DIJR t o  the  
focus probl.ems that were exper ienced ,  [:he point.  sources  appear as a 
doughnut shape, whereas, t he  e x t e n d d  soitrces are not as pronounced, 

Tturing SE-3, only the  DAC por t ion  of 5183 was used, Although 
t h e  images on the  r e t u r n e d  pliotographs were out  of focus ,  the da ta  i s  
o f  good s c i e n t i f i c  val.ue. 
s t r o n g  sottrces o f  u l . t rav io le t  l l g h r ,  may be d i s t i n g u i s h e d  w i t h  f u r t h e r  
a n d  ys.i.s and rlata comparisc1n w i t h  p rev ious  ohsetvat ions Color indices  
w-i l . 1  be determined for  stat- c l u s t ~ r s ,  u n r e s o l v e d  areas of the Milky 
Way, and s e l e c t e d  g a l a c t i c  nuc le i . ;  s ta t i s t .d .ca1  interpretation of large 
s re l l . a r  popu la t ions  tui.11. t h u s  be poss ib le .  
d e t e r m h i n g  the  I . i g h t  scattering of contamrnant particles. 

Some stars n u t  previously knowrr t o  be 

The data will be. used in 

D u r i n g  the SI,-4 mission, the DAC optics  were r ep laced ,  
correcting the defocused image on the 16mm film. The DAC exposed 
3.5 frames i n c l u d i n g  s i x  frames of Cornet Kohoutek before  t h e  fflitn 
jammed. TMO photographs arc shown i n  flgure 1 L .  The f irst  is of 
Comet Kohautek taken on Jatiriary 10, 1974. 
added and the spectral types  and magnitudes f o r  the other. stars included, 
The second was ob ta ined  with t h e  DAC of. s tars with s p e c t r a l  types  and 
magn i tudes  sham,  Both photographs are 5 minute  exposure^. Approximately 
3W50 ut? s t a r s  were c l a s s i f i e d  i n  assoctations or  c l u s t e r s  down TD '12th 
visual  magntidtre a t  approximately 2560 

The comet tail has been 

from rhe DAC photographs. 

Two fi1.m car rou~e1.s  were flown, one 'p r imar i ly  f o r  use o n  
s t a r f i e l d s  arid t he  o ther  with a vari.ety of f i l m  t y p e s  u s e f u l  f o r  
v i e w i n g  the expected Of1 r a d i a t i o n  from t h e  Comet Kohoucek. There 
W ~ I E  66 €rames avai lable  of w h i c h  43 were used for photography of the 
comet and starfields; however, due to a problem with carrousel  
indexing ,  on ly  one frame was actually extracted from the carrousels 
and exposed, 

9, S20L.Far UV Elecrranographic Camera, The P I  €or Experiment 
S201 ie Dr. Thornton Page, Naval Research LaboratorLee (NRL) a t  the 
Johnson Spacecraft: Center.  

. The camera which was Elown on Apallo 16, was modified for 
f l i g h t  on S L - 4  to study Cor!ic!t Rohourek and s tar f i e lds .  

The camera was tu:  

Photograph Comet Kohautek's ami s2ons of oxygen (1340-56 

study evoliitionarg nature of: these emissions, 
and hydrogen Lymanralpha (1216 f 1 an a temporal basis to 
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FIGURE 10. LARGE MAGELLANIC CLOUD (SL-2 DAC PHOTOGRAPH) 
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FIGURE 11. COMET KOROUTEK AND TARGET STARS (SL-4 PHOTOGRAPH) 



Confirm t h e  following data  ob ta ined  on Apollo 16: 

The e a r t h '  t r o p i c a l  airglow bands e m i t t i n g  oxygen on 
a 1304-56 B . 
Lunar atmos h e r i c  hydrogen e m i t t i n g  hydrogen Lyman- 
alpha 1216 a . 
I n t e r s t e l l a r  m a t e r i a l  i n  che Large Magellanic Cloud 
and, p o s s i b l e  evidence of  i n t e r g a l a c t i c  hydrogen i n  
c l u s t e r s  of g a l a x i e s .  

Measure t h e  extent: of: 

Rocket exhaust  t r a i l s  i n  the atmosphere. 

The e a r t h ' s  t r o p i c a l  airglow-bands e m i t t i n g  nascent  
oxygen i304-56 and, rhe e a r t h ' s  p o l a r  a u r o r a l  zones 
e m i t t i n g  nascent  oxygen 1304-56 2 and hydrogen 
Lyman-alpha 1216 8, 

Compare the s m a l l  and 1 a r g c ' N a g e l l a n i c  Clouds and, check 
t h e  S201  c a l i b r a t i o n ,  t h e  far-W colors and magnitudes 
of  ho t  blue stars i n  t he  Milky Way. 

The P I  r e p o r t e d  t h a t  I 2 4  exposures were ob ta ined  of Comet 
Kohourck and over 350 exposure 's  of o t h e r  t a r g e t s .  To d a t e ,  t h e  P I  
has  analyzed 30 Comet  Kohoutek exposures which i n d i c a t e  the  hydrogen 
h a l o  on n ine  s e p a r a t e  d 3 t e s  from 31.7 days p r e p e r i h e l i o n  to 13.0 
days p o s t p e r i h e l i o n  and 35 of t h e  l a t t e r  which i n d i c a t e  unexpected 
changes i n  camera s e n s i t i v i t y  d u r i n g  the mission. 

IO. 5228 Trans-Uranic Cosmic Rays. The P I  f o r  Experiment 5228 
i s  D r .  P. 3uford P r i c e ,  U n i v e r s i t y  of C a l i f o r n i a ,  Berkeley, C a l i f o r n i a .  

The experiment was t o  provide a d e t a i l e d  knowledge of t h e  
r e l a t i v e  sbundances of n u c l e i  wi th  atornic number ( 2 )  g r e a t e r  than 26 
i n  the cosmic r a d i a t i o n ,  and s p e c i f i c a l l y  t o  observe and i d e n t i f y  
as many t r a n s - u r a n i c  n u c l e i  as possible. 
determine upper l i n i t s  on the super-heavy cosmic r a y  f lux  with Z 
g r e a t e r  than 110, and t h e  cosmic r a y  energy spectrum (from about 150 
t o  1500 Xev/nucleon) with 2 = 2 6 ,  Z g r e a t e r  than 6 0 ,  and Z g r e a t e r  
than 83. 

The d a t a  obtained w i l l  h e l p  

The experiment u t i l i z e s  d e t e c t o r  nodules f a b r i c a t e d  from Lexan 
p l a s t i c  and deployed i n  t h e  O r b i t a l  Workshop (OWS). Cosmic r a y s  w i l l  
p e n e t r a t e  rhe d e t e c t o r  modules s t r e a k i n g  the  p l a s t i c  s h e e t s  w i th in .  
Subscqzcnt t o  r e t u r n ,  t hese  p l a s t i c  s h e e t s  a r e  chemically erched and 
h e  cosmic rays  t r a c k s  measured w i t h  an  o p t i c a l  microscope t o  determine 
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t h e  atomic number and energy ol-' each obscrved par'ci.cl.e. T h i r t y - s i x  
modules were launched on ST,-1 and were deployed i n  t w o  separate 
harnesses ho ld ing  eig!tteen modules each, An a d d i t  i.onal module with 
bracket  f o r  moanti.ng was l a u n c h e d  and deployed ex te rna l ly  OR SL-4 
t o  gather  data on 'lower energy 'Level n u c l e i ;  it was r e t r i e v e d  and 
returned on S L - 4 .  
SZ-3 to be used in s e t t i n g  up t h e  d a t a  r educ t ion  program, t h i r t y -  
four were returned on S L - 4 ,  and deployed i n  t h e  MDA dur ing  deactiva- 
t i o n  f o r  retri.eva1 on a possible f u t u r e  revisit to Skylab, 

Of t h e  orrigi.nal thirty-six, one was r e tu rned  on 

Data analysis i s  p rogres s ing  s a t i s f a c t o r i l y .  The i n i t i a l  

These 
major phase,  namely t h e  l o c a t i o n  and pre l imina ry  i d e n t i f i c a t i o n  of 
all t h e  i n t e r e s t i n g  ultrahcaly events ,  has beea completed, 
r e s u l t s  are sunmatizcd i n  tab le  V .  

T A B U  V, U'LTRhEIEAVY COSMIC RAYS FOUND IN FIRST SCAN 
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Additional prcl.i.mitnary ana l .ys i s  v f  cosmic r a y  tracks (2 = 8) is 
underway t o  g a i n  addi t iona l .  i n s i . gh t  i n t o  t h e  source of  recently 
discovctrcd energe. t:ic charge par t ic les .  ("his  source, discovered 
l a s e  y ~ a r ,  is neither solar i i ~ r  galactic in owi.gkn.1 

In addition t o  t:he i n v e s t i g a t i o n s  a t  Berkeley and 5n Ahmedabad, 
Tndia, D r ,  Don Brnrmlee, Astronomy Department, Universlty of Washington, 
has f w n d  by stereomicroscope scanning and studied with an e lec t ron  
microprobe two micrame tecsrite craters i n  the aluminum tape wrapping 
t h p  ex t e rna l ly  deployed module, 



ll. S230 Magnetospheric P a r t i c l e  Composition. The PI'S f o r  
Experiment 5239 are D r .  Donald Lind, JSC, Houston, Texas and D r .  
Jo iannes  Ge i s s ,  U n i v e r s i t y  of Bern, Bern, Switzerland, 

The experimect u t i l i z e d  t h i n  f o i l s  of aluminum and plat inum 
t o  t r a p  magnetospheric i o n s  and p a r t i c l e s .  Using the  techniques 
a p p l i e d  t o  t h e  solar wind composition measurements i n  t h e  Apollo 
Program, the  f o i l s  are being analyzed. This  will allow the  d c t e r -  
mination of the f luxcs  and i s o t o p i c  composition of t h e  noble gas 
components of  p r e c i p i t a t i n g  magnetospheric i o n s ,  t o  o b t a i n  an i nd ica -  
t i o n  of  t h e i r  r e l a t i v e  energies,  and t o  determine t h c  p a r t i c l e  source. 
The f o i l s  were deployed as c u f f s  wrapped around two  spools  mounted on 
the  AM deployment; assembly. 

Two :.mer and two o u t e r  c u f f s  w e r e  launched i n  p o s i t i o n  on 
SL-1. Two c o l l e c t o r s  w e r e  planned t o  be r e t r i e v e d  du r ing  SL-3 and 
SL-4. Due t o  the  s u r f a c e  contamination deposi ted on t h e  two outer  
c u f f s  du r ing  the SL-2 f ly-arounds,  one new c o l l e c t o r  was launched 
on SL-4. 
the a d d i t i o n a l  cuff)  a t  the end o f  SL-4. 

Thus t h r e e  c u f f s  were r e t u r n e d  from SL-3 and two ( inc lud ing  

P re l imina ry  r e s u l t s  from t h e  experiment were p re sen ted  t o  t h e  
American A s t r o n a u t i c a l  S o c i e t y ,  August 20-22, 1974 i n  Los Angeles.  

The noble gas  components of t h e  entrapped p a r t i c l e s  i d e n t i f i e d  are: 
helium-4, helium-3, neon-20, and neon-22. I n v e s t i g a t i o n  of the 
average fluxes and t h e i r  r a t i o s  have r e s u l t e d  i n  several i n t e r e s t i n g  
observat ions.  The amount o f  2He3 r e l a t i v e  to 2He4 i s  a f a c t o r  o f  300 
g r e a t e r  fo r  the  s o l a r  wind helium than  for t he  t e r r e s t r i a l  atmosphere 
helium. The re fo re ,  by measuring this r a t i o ,  i t  i s  p o s s i b l e  t o  determine 
the source and the r a t i o  u f  an admixture of p a r t i c l e s  from t h e s e  
sources .  

Thus f a r ,  s e l e c t e d  s e c t i o n s  of t w o  f o i l s  have been ana lyzed .  

The @e3 f r a c t i o n  of t e r r e s t r i a l  o r i g i n  was found  t o  be l e s s  
t han  15 percen t .  
tha;  have e n t e r e d  the magnetosphere and have bsen a c c e l e r a t e d  be fo re  
p r e c i p i t a t i o n .  The  t e r r e s t r i a l  he l ium was noted,  through s tepwise 
heating dur ing  a n a l y s i s ,  t o  be cap tu red  a t  e n e r g i e s  much less  than 1 
kev/nucl.eon. 
t e r r e s r r i a l  hel-iQm on the  f o i l  l o c a t e d  under the handra i l .  T h i s  
l e a d s  t o  t h e  conclusion t h a t  most of the t e r r e s t r i a l  helium on t h e  
f o i l  l o c a t e d  under the  h a n d r a i l .  This  l e a d s  t o  the conclusion t h a t  
most of t he  t e r r e s t r i a l  *He4 i s  composcd o f  helium atoms of t h e  ambient 
n e u t r a l  atmosphere t h a t  were rammed i n t o  the f o i l  by t h e  Skylab 
v e l o c i t y .  

The *He3 i s  considered to  be solar  wind p a r t i c l e s  

I n  a d d i t i o n  t h e r e  was a s t r o n g  suppression of the 
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For t h e  f i r s t  t i m e  i s ~ t o p i c  f r a c t i o n a t i o n  i n  the u per  
atmosphere has been e x p e r i m e n t a l l y  de.t:e.cted, h r a t i o  oE 2 8 Ne/ 22Ne 
of  22 5 3 w a s  found i n  one easi:, the? r a t i o  that: L s  pred ic t ed  by 
atmospheric models fo r  altitudes of approximately 350 km. The d i f f e r -  
ence between tbfs and t he  Skylab o r b i t  o f  apprnxi.mately 430 km could be 
due t o  a small. degree o f  v e r t i c a l  mixing, 

Analysis  of the remaining fai.1.s w i l l  allow more d e t a i l e d  
d i  s c w 8 8 i. on, 

12. S233  Kohoutek I_____ Photornctric Photugraphg, The P I  f o r  Expesi- 
mcnt S233 is D r .  Charles  T,undquist, Dtrector of the Space Sciences 
Laboratnry,  MSFC, N u n t s v i l l ~ ,  Alabama. 

T h i s  experiment wa.s added t n  t h e  SL-4 rnlssion t o  photograph 
the Cornet Kohoutek. Some photographs were purposely taken o u t  of 
f o c u s  t o  permit mfcro-densfrometry atud.ies to  be performed on the film 
to  o b t a i n  comet b r i g h t n e s s  measurements. About 99 frames o f  35mm 
f i l m  wore ob ta ined  w i t h  t.he cornet :in. the f ie ld-of-view,  Roughly 
1/3 of t hese  are focused and 213  defocused. Microdensitometry is 
being performed on both t h i r d  genera t ion  f i l m  arid. the or3 g i n a l  
f i l m  computer p rocess ing  To redrice tho  microdensitometry d a t a  
is j.n process. 

13, P.qoton Spectronteter. The P I S  f o r  t h e  Proton Spectrome&et 
(an o7pera.t i.on i.nstrurnent) a r e  Dr. Godehard Guenther, University of 
Alabama a t  H u n t s v i l l e ,  H u n t s v i l l e ,  Alabama and W ,  Thomas P Z I K I E ? ~ . ~ . ,  
Space Sc iences  'JA-msntory, MSFC, Hunt:sville, Alabama. 

T h e  i n s t n ~ m e n t  was t o  o b t a i n  a s p a t i a l  and energy speceraf. 
flrix d j . a t r i . bu t  i n n  energetic protons and e l e c t r o n s  0ut.si.de the 
Skylab .  The pro ton  spectrometer was a high  counting ra te  p a r t i c l e  
d e t e c t o r  designed to r n e a s u r ~  pro tons  (1.8.5 Mev t o  400 Mev) and 
e l e c t r o n s  (1.2 Mev t o  'LO Mev) t rapped in t h e  Van A l l e n  Belts. The 
pr ime emphasis was to ob ta in  d a t a  f o r  p ro tons  above 100 Mev. 
e x i - s t e d  on ly  l i m i t e d  data f u r  rnergi .es  above t h i s  l e v e l ,  and because 
t:hey a r e  capable o f  penet:ratj.ng the spacecraf  1: they c o n t r i b u t e  t o  the 
pro!,I.ern of r a d i . n t i o n  damage t o  s e n s i  Live mater ia l s  such as photographic 
emi. i ls ions.  T h i s  j.nformation could  then be used i n  f u t u r e  s p a c e c r a f t  
d e s i g n ,  . in materf al. select i .on and d e s i g n  of  protect ion through s h i e l d i n g .  
%he Iower energy l e v e l s  were incl.uded because t h e y  were l i k e l y  t o  
exhihj . t  t . lmr!  variations during the Skylab rnisstnn, 

There 

The instrument f ind a 45 degree acceptance cone and was mounted 
on the 5194 experiment 1,-band t.ri.rss to  provide a clear view of the 
~ x t e r i o r  environment. The instrument d i f f e r e n t i a t e d  p ro tons  from 
eZ.oct:roiis and p l a c e  the e l ec t rons  j.ntr? one o f  th ree  energy l e v e l s  and 
pratrons i n t o  one o f  ei.Rhk, 
pc l in t ing  d a t a ,  t h e  f lws  w o l d  be descrlbed by the  numbers of p a r t i c l e s ,  
t h e i r  e n e r g i ~ s ,  and t h e i r  dl.recricrrr o f  travel. 

After coord ina t ing  this data wi th  v e h i c l e  
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The instrument  ope ra t ion  was i n i t i a t e d  approximately 1 2  hours 
a f t e r  t h e  SZ-1 launch, and d a t a  r ransmission through telemetry began. 
An e r r o r  i n  t h e  t h e r n a l  a n a l y s i s  r e s u l t e d  i n  lower than p r e d i c t e d  
o p e r a t i n g  temperatures.  T h i s  r e s u l t e d  i n  the loss  of a l l  t he  proton 
d a t a  channels and two of the  e lectron d a t a  channels. What remained 
was one e l e c t r o n  d a t a  channel and s e v e r a l  hausekeeping measurements. 
It i s  hoped tha t  t he  d a t a  r e t u r n e d  during the f i r s t  few days o f  t h e  
Skylab mission,  be fo re  t h c  instrument  experienced i t s  low temperatures ,  
w i l l  y i e l d  sume proton information. 
mined t h a t  t he  instrument ,  even i n  i t s  degraded s t a t e ,  may provide 
information ahour: t r a n s i e n t  cosmic gama- ray  even t s  o r  gamma-ray 
b u r s t s .  These bursts were r e c e n t l y  discovered 'by d e t e c t o r s  aboard 
Vela s a t e l l i t e s  and are r e c e i v i n g  a t t e n t i o n  by high-energy a s t r o p h y s i c s  
s c i e n t i s t s .  

I n  a d d i t i o n ,  i t  has been d c r e r -  
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D, H a t e r i a l s  Processing 

Near-zero-p durlijg orb i t a l .  f l i gh t .  nia.lces i t :  p o s s i b l e  t o  conduct 
matt'rfals process ing  o p e r a t i o n s  t h a t  cannot be accomyl.ished e a s i l y ,  
if at: a l l ,  on e a r t h .  Melt ing and mixing w i t h o t i t .  t h e  contaminat ing 
ef fects  of w n t a i n e r s ,  w i t h  suppression of convect ion and buoyancy 
i r t  l i q i i i d s  end m o l t e n  mat:erial, with c o n t r o l  o f  vo ids  and wi th  the 
a b i l i t y  t o  u s e  e ' l ecr ras ta t i s  and magnetic Eorces otherwise masked 
by g r a v i t a t i o n ,  can lead t o  new knowledge of material  properties  Etnd 
processes and p o s s i b l y  to  v a l u a b l e  new products  f o r  use on earth, 
These poten t ia l .  products  range from composite structural materinls  
w i t h  h i g h l y  s p e c f a l i z e d  p h y s i r a l  characteristice I t o  l a r g e  (more 
p e r f e c t )  c r y s t a l s  n i r h  va3.uabl.e e l e c t r i c a l  and optical p r o p e r t i e s .  

NASA is i n t e r e s t e d  in the  poasibi l . i t f .es  of  welding i n  
near-zero-g;  such information i s  necessary f o r  assembly i n  space ,  
Several  s t u d i e s  i n d i c a t e d  t h a t  c l ec t ron  beam equipment ofEered t h e  b e s t  
p o t e n t i a l  F O E  overall needs, As a result of  t h e s e  s t u d i e s ,  t h e  MSFC 
p e r s o n n e l  began deveiopment work on compact e l e c t r o n  beam welding 
apparatns i n  ea r ly  1963. Considerable  interest:  was developing at. t h a t  
t i m e  i n  manufacturing products  i n  space,  fo r  use an e a r t h ,  The 
i n v e s t i g a t i o n s  desc r ibed  i . r t  t11i.s sect i .nn probe the feasibi.! i.ty of 
s e v e r a l  s p e c i f i c  p rocesses  and shou1.d h e l p  s e l e c t  t h e  most promising 
p rocesses  arid ~ r o d u c t s  fo r  i.me i n  p r o v i d i n g  sound design c s i t - e s i a  f o r  
f u t u r e  space f a c i l  F t f e s ,  

The p r o g r e s s  af Space S h u t t l e  p l a n n i n g  bas raised t he  prospect  
t h a t  veIiicZe c a p a b i l i t i e s  s u f f i c i e n t  to support  large-scale experiment 
progranis m d  3 . i r n i  t e d  ccmmercinl manufacturing operations will probab1.y 
become ava:i.I.able S O O ~ I ,  P r a c t i c a l  expe r i ence  gained whi le  developing 
materials f o r  use on  Skylab,  has a l r e a d y  proved val.uable i n  the 
sonceptual. p l a n n i n g  of  a:i improved and en larged  f a c i l i t y  f o r  t h e  
Space Shtirrle program, 
gfinuld assist  eng inee r s  in f i n a l i z i n g  the design of  Space Shuttle 
eqi3ipment. 

Evalua t ion  of Skylab experimentat ion results 

Table  V I  pruvides: t h e  total number o €  planned FO's the  
nirmher perforrnecl dr i r ing  each manned f l i g h t  and t he  degree of  succe8fi. 

AI. abama. 

The objective was  to provide a b a s i c  appa ra tus  and a common 
spacecraf t  i n t e r f a c e  for performance of a group of  metall ic a d  non- 
m e t a l l i c  mater ia ls  process ing  experiments, u t i l i z i n g  the advantages 
o f  t h e  near-zero-g and V B C U U ~  conditions afforded by the  Skylab 
<tTOrkfihop, 
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TABLE V I .  ACCOMPLISmNT OF EXPERIMEET FUNCTIONAL OBJECTIVES 
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To f t i l f i l l  t h i s  o b i c c t i v e ,  a m a t e r i a l s  processing facility 
(MPF) was designed for  t h e  Skylab program, 
cond i t ions  werc r ead i ly  avaiLabfe; however, experiments rpquirfng 
vacuum c o n d i t i o n s  had previous ly  been cons t ra ined  t o  EVA operat ions.  
The M512 f a c i l i t y  was des igned  t o  allow experiment performance under 
c o n t r o l l e d  vacuum c o n d i t i o n s  i n s i d e  t h e  Skylab spacec ra f t .  

Obviously the near-zero-g 

The facility concept provided the f l e x i b i l i t y  t o  perform a 
ser ies  of experiments ,  i n v e s t i g a t i n g  v a r i o u s  areas of m a t e r i a l s  
processing, u t i . l i z i n g  one C O ~ Q ~  piece  of  h a r d w a r e a t h e  M512 f a c i l i t y ,  

The ?PF provided a f a c i l r t y  w i t h  supporting accessories for 
t he  performance o f :  

M479 Zero Gravlt.y Flammabili ty,  
M.551 Metals Melting, 
P.2552 Exothermic Brazing, 
MS53 Sphere Forming, 
MS55 GaAs Crys ta l  Growth and, 
M518 Multipurpose Electric. Furnam. 

The MPF mounting c a p a b i l i t i e s  were adapted by the  Multipurpose 
E l e c t r i c  Furnace to permit  t h e  performance oE an a d d i t i o n a l  LI. experf- 
mente (see paragraph D7). 

"The f a c l l i t y  was mounted on a honeycomb panel whlch i n  t u r n  
was at tached  to  the  MDA s t r u c t u r e  by shock mounts. The panel a l s o  
served 8s a r a d i a t o r  o f  heat." (See figure Lz). 

"The f a c i l i t y  wae made up of tho following mafn psrts: 

o Work chamber 

o Contro l  panel  

o Electron beam grin and b a t t e r i e s  

o Storage boxes for  experiment modules and ancillary equipment: 

The work chamber Fncorporated a mount: t o  accommodate each 
experiment module in t u r n ;  the mount doubled as a hea t  sink with a 
predetermined and calibrated thermal impedance.. Near the mount and 
iiisi.de the chamber was located an e l e c t r i c a l  connector through which 
power and signals were provided t o  a l l  the  experiment modules except  
the Mult ipurpose Furnace,  which was a late addition and used only t h e  
hea t  stnk/mount and t he  vacuum capabLLFty of tho chamber. 
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FIGUKE 12. M512 MATERIALS PROCESSING FACILITY 



The work chamber could he vented to  space and t h u s  provide 
an evacuated environment for t he  experiments when des i r ed .  Windows 
and i l l u rn ina t ton  wi th in  the work. chamber pe rmi t t ed  viewing of t h e  
experiments i n  p rog res s  and a l s o  photography by B f ixed camera, 
Gages on the c o n t r o l  panel served t o  monitor t h e  pressure i n  t he  
chamber, certa in  temperatures and the beam crirrent a n d  voltaae o f  the 
e l e c t r o n  beam gun. I n  addCtion, switches and patentlometers served 
t o  opera te  and contrul the i n d i v i d u a l  experiments.  

The Metals Melting (M551) and Sphere Forming (M553) experjmenrs 
used t h e  e l e c t r o n  heam gun t o  m e l t  t he  specimens, It was a most 
compact gun €or its 2 KW ou tpu t  (1OOmA a t  20,000 V) .  The power supply 
package was contained i n  a c a n i s t e r  p r e s s u r i z e d  with an i n s u l a t i n g  
gas:  perf ludropropane (C3Fg). The f i l amen t  and focusing dev ices  
were exposed to the vacuum of t h e  work chamber. 
by b a t t e r i e s  and rhus was independent of t h e  s p a c e c r a f t  power bus. 
I n c i d e n t a l l y ,  the  W552 Exothermic Heating experiment a l s o  de r ived  i t s  
i g n i t e r  power from t h w e  same bat te r ies ,  
ope ra t ed  on spacecraft power, 

The gun was powered 

A l l  o t h e r  experiments 

Most of the experfment modules and t h e i r  a c c e s s o r i e s  were 
s t o r e d  i n  the storage c o n t a i n e r .  To perform an experfment t he  appro- 
p r i a t e  module with its a c c e s s o r i e s  was mounted i n  t he  chamher. 

For the  performance of t he  Metals Melting (M551) experiment 
the d i s c s  ( f i g u r e  13) were dr iven  by a motor. The electron beam w a s  
focused on a t ungs t en  target: i nco rpora t ed  i n  each d i s c ;  the  d i s c  w a s  
then r o t a t e d  a t  c o n s t a n t  speed t o  make a weld bead and f i n a l l y  w a s  
stopped t o  melt a puddle. Three d i s c s  of d i f f e r e n t  m a t e r i a l s  were 
provided  fox t h i s  experiment. They were processed s u c c e s s i v e l y .  

The sphere Eorming specimens (M553) were c a r r i d  ofl two wheels 
which were s u c c e s s i v e l y  mounted an  an indexing motor,  each wheel c a r r i e d  
a t u n g s t e n  focus ing  t a r g e t  and 14 specimens, 
melted hy the electron beam, a new specimen was indexed i n t o  p o s i t i o n .  

A f t e r  each specimen was 

The Exothermic Brazing experiment c o n t a i n e r  (M552) ( f i  guTe 14) 
he ld  four  exotherm packages. Afte r  t h e  chamber was evacuated t h e  
exotherm packages were f i r e d  one a t  a time at: about two hour i n t e r v a l s .  
The long i n t e r v a l 8  were necessa ry  t o  a l low for c o o l i n g  between o p e r a t i o n s ,  

A s e t  of expertments on Flarnmability (H479) w a s  also performed 
i n  t he  chamber. To perfom these experiments,  an  adap te r  was mounted i n  
the chamber OR the experiment connector ;  each speeirnen i n  t u rn  was 
rnoirnted i n  the a d a p t e r  and i g n l t e d .  The specimens could be burn t  
f r e e l y ,  o r  the combustion could be quenched by evacuating t h e  chamber. 
Another quench system, by water sptay, was also pxavided," I101 
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EXPERIMENT EXPERIMENT 

FIGURE 14. EXPERIMENT OPERATIONAL CONFIGURATION (M552, M479) 



2 .  PI474 Zero-Gravity Flammabili ty.  [I13 The P I  Ear Experiment 
M479 i s  Mr. J.M. Kimsey, NASA, .JSC, Houston, Texas. 

The o b j e c t i v e  was t o  i g n i t e  v a r i o u s  rnat.eriaLs (aluminized 
M y l a r  f i l m ,  nylon,  neoprene, coated nylon  f a b r i c ,  polyurethane foam, 
bleached c e l l u l o s e  paper,  and Teflon f a b r i c )  i n  a 5 -ps i a  s p a c e c r a f t  
atmosphere under zero-g.  The folloning areas were i n v e s t i g a t e d :  

Extent  of s u r f a c e  propogat ion f l a s h  over  t o  arijacent 
materials. 

Rates  of surface and bulk flame propogation under ze ro  
convec t  i o n  and ? 

Exringuishment by vacuum o r  water s p r a y  and s e l f  
cxtinguishment . 

Each sample consisred of the t e s t  macerial, a Nichrome h e a r e r  
wire and an  e l e c t r i c a l  socke t  a l l  a t t a c h e d  t o  a m e t a l l i c  frame. This 
c o n f i g u r a t i o n  i s  S ~ I Q W ~  i n  t h e  photographs of the  r e t u r n e d  samples 
( f i g u r e  IS}. Thir ty-seven tes t s  were perfarmed u t i l i z i n g  t h e  Sicylab 
atmosphere (65 pe rcen t  oxygen a t  5 .2  p s i a ) .  F igu re  16 shows a sample  
i n s t a l l e d  i n  t h e  chamber and i g n i t e d  (sample 10  - polyurethane foam). 

Motion p i c s u r e s  were taken of t h e  t e s t  sequences,  and d e t a i l e d  
e v a l u a ~ i o n  of t h i s  data i s  i n  progress .  Pre l iminary  r e s u l t s  indicate 
cha t  t h e  proccss  of i g n i t i o n  i s  esse ix ia l iy  the  same as under one-g 
c o n d i t i o n s  uirh no i n c r e a s e  i n  t h e  rare w i t h  time as i s  p r e s e n t  under 
one -g . 

The p re l imina ry  results i n  t h e  area of extinguishment =odes 
show t h a t  eddy c u r r e n t s  forrr,ed du r ing  vacuum ext inguishment  c a u s i n g  
inc reased  b u r n i n g .  Wacer ext inguishnenc is p o s s i b l e  i f  t h e  water  
a p p l i c a t i o n  i s  c o n t r o l l e d .  S e l f  ex t inguish  occur s  i n  nun-melting 
materials ( p a p e r ,  carbon,  e rc . )  and m a t e r i a l  r e q u i r i n g  h igh  h e a t  f o r  
i g n i t i o n  { t e f l o n ) ,  bur d i d  n o t  occur i n  t h e  ocher materials.  

"In a d d i t i o n  LO v ideo  tape and motion p i c t u r e s  we have two 
still photographs which were taken .  The f i r s t  ( f i g u r e  16)  shows t h e  
burning of polyurethane foam i n  t e s t  number 10. Note t h e  s p h e r i c a l  
shape of rile flame and The diamerer  i s  e s t ima ted  a t  more than 6 c e n t i -  
meters .  T h i s  means t h a t  this materia3 has  a flame i n  z e r o - g r a v i t y  
( a t  t h i s  atmosphere) extending over  3 centimeters. Another p i c t u r e  
immediately a f t e r  the fire went o u t  shows the smoke p a t t e r n .  It 
r z p o r t c d l y  p e r s i s t e d  f u r  a long  per iod of time.'' 

Four  post-test  specimens were returned ( f i g u r e  15) .  These  
were numbers 2 ,  8, 11 and 2 6 .  Sample 11 i s  a remnant of a paper 
specimen ( t o p  r ight-hand co rne r  of sample 8 c o n t a i n e r ) .  The o t h e r  
tiiree samples were nylon.  
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F I G W  15. RETURNED M479 SAMPLES 





'The ob,ject isvs of  the I4551 8eraI.s Me3.t:in:; ~xperirnent.  a r e  
t o  la> s t d y  behavior  of moltren metal ,  f h )  chnract:erizt .  metals  
melted and s o l i d i f i e d  i.a t h e  I.nw g r a v i t y  space environment compared 
t o  one-gravity o E earth, and (c) determine f e a s f S t l i e y  of: j o i t i l n g  
metals i n  space.  
of the W1.2 apparatus to rn&e a dwe.12 p d d l e  and 8 m e l t  i n  a. r o t a t i n g  
d i s c  of vary ing  thi.cknoss. Hence tltc I93 performed cut-through, f u l l  
and p a r t i a l  penetration m f i l t s ,  5.n ~dd!t.~i.cin t o  a re-scI id . iEj~ed Fi . r t ton,  
The th ree  disc materials were aIi.rm.irium 22.1 9-T87,  JtK stisinless s t e e l  
arid pure tanta1.i.m to provide 8 wide r m g c  o f  d e n s j r y  a d  rneR.tir!g 

The experiment w e d  t h e  d e c t r o n  beam (EB) and chamber 

CCttld f Qnd. 

"0bservat i o n s  t o  date  incl .nde (a> the proof t h a t  E B  wel.ding, 
c u t t i n g  and m e l t i n g  can be done s ~ ~ c c e s s f u l ~ y  i n  low g r a v i t y .  
same veldf.ng autlmrities had p o s t u l a t e d  t h a t  uFtlioii6: gravi rcy t h e  EB 
would f o r c e  the molten puddle out o f  coiitl~tct, 
proved t h a t  surface t ens ion  fo rces  .predomi.nnr.e. ( h )  From the 
view-point  o f  c a s ~ l s o l i d i ~ i c n t l o n ,  ssnaL3, ecluiaxed g r z h s  i n  Skylab 
specimens compared t.c large,  clongaeed grains i n  ground-based specimens 
were observed* The. former arc thought; t10 be a s s o c i a t e d  w i t h  const l tu-  
tionax super-cooling and nijcI,eati.t>a where the l a t e r  are as~ociat .ed 
with dendritic solidification. I n  f u r t h e r  suppor t  of khe 
equiaxed gsalii growth i n  Skylab, .synmetrtc stibgraiti pa t t e rns  were 
f r e q u e n t l y  observed where rhewe WRB much less oymetry i n  ground- 
based spacimens, 
i .n  solFdificatian. 

E a r l i e r ,  

H ~ w e v e t : ,  the  experiment 

E'urttier wmk Fs befng done t5 expla ln  the differences 
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FIGURE 18. SKYLAB STAINLESS STEEL SAMPLE 



Grav i ty  e f f e c t s  appear to  be small i n  t h e  weld nugget  con- 
f i g u r a t i o n  and puddle c o n t r o l  of  all t h r e e  m a t e r i a l s  when r e l a t e d  
t o  t y p i c a l  welding probler;.,s, In a l l  cases  t h e r e  was g r e a t e r  puddle 
sagging i n  t h e  groundbase specimen wi th  one g r a v i t y  compared t o  the 
Skylab specimen with low g rav i ty .  This  w a s  p a r t i c u l a r l y  t r u e  f o r  t h e  
weld dwell  pe r iods  of 15 and 45 seconds, I n  the  over, f u l l ,  and 
p a r t i a l  p e n e t r a t i o n  phases,  puddle sag was very s l i g h t ,  Frequency 
of s u r f a c e  r i p p l e ,  beading and weld s p a t t e r  appeared t o  be somewhat 
r e l a t e d  t o  g rav i ty .  A l l  t h r e e  were s l i g h t l y  reduced i n  t h e  Skylab 
specimens which were melted i n  l o w  g r a v i t y .  These parameters a r e  of 
more i n t e r e s t  t o  a s c i e n t i f i c  s tudy  o f  s o l i d i f i c a t i o n  than t o  the 
p r a c t i c a l  a s p e c t s  o f  welding. B a s i c a l l y ,  t h i s  experiment i n d i c a t e s  
t h a t  molten metal  s u r f a c e  t e n s i o n  i s  t h e  predominant fo rce  c o n t r o l l i n g  
t h e  weld puddle. I n  l o w  g r a v i t y  t h e  weld nugget i s  more symet r i ca l .  
A l l  weld puddling and c o n t r o l  techniques t h a t  are a p p l i c a b l e  on 
e a r t h  would be expected t o  be use fu l  i n  welding i n  a space environment, 
Hence, this expcriinent h a s  demonstrated t h e  f e a s i b i l i t y  of welding i n  
space.  

This  s u b j e c t  is developed in d e t a i l  i n  a r e p o r t  by R.E. Monroe 
of B a t t e l l e  Memarial I n s c i t u r e . "  

4 .  fi52 Exothermic 'Brazing. 1131 The P I  .for Experiment E152 
i s  M r .  J .R .  Williams, MSFC, H u n t s v i l l e ,  Alabama. 

"The o b j e c t i v e s  of t h i s  experiment were t o  e v a l u a t e  b raz ing  
as a tube j o i n i n g  technique f o r  t h e  assembly and r e p a i r  o f  hardware 
i n  space and t o  s tudy  t h e  spreading,  n ix ing  and c a p i l l a r y  a c t i o n  o f  
molten b raze  m a t e r i a l  i n  n e a r  zero g rav i ty . "  

An i l l u s t r a t i o n  of t he  complete M.552 Exothermic Brazing Package 
wi th  i t s  e l e c t r i c a l  power cable i s  shown i n  f i g u r e  19 .  

''Each of  the  f o u r  braze specimens c o n s i s r e d  of a tube,  s l e e v e ,  
i n s e r c s  ( s p a c e r s ) ,  and silver-copper-1ithFum braze r i n g s .  Each specimen, 
posses s ing  r, d i f f e r e n t  c learance gap between the tube and s l e e v e ,  
was p o s i t i o n c d  i n  a s e p a r a t e  c a n i s t e r  con ta in ing  the exathermic 
m a t e r i a l ,  i g n i t o r s  and i n s u l a t i o n ,  Two o f  the fou r  specimens con ta ined  
pure n i c k e l  tu5ss and s l eeves .  An i s o t o p e ,  110-Si lver  w i t h  a h a l f  
l i f e  of 253 d a y s ,  was added t o  a s e c t i o n  of  one braze r i n g  i n  the 
n i c k e l  specimens t o  enhance a n a l y s i s  of  c a p i l l a r y  f l o w .  The o t h e r  
i w o  t u j e s  and s l e e v e s  were type 304L stainless  s t e e l  w i th  the  tube 
p a r t i a l l y  s l i t  through t h e  c e n t e r  c r o s s  s e c t i o n  but  w i th  some s o l i d  
p o r t i o n s  f o r  support  and t o  s i m u l a t e  a b u t t  j o i n t .  

T h e  aluminum housing which h e l d  the  four exothermic b raz ing  
package.$ was made i n  two h a l v e s ,  and a f t e r  i n s t a l l a t i o n  of fou r  
exothermic packages, was b o l t e d  toge the r .  A thermocouple temperature  
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senso r  was b o l t e d  onto t h e  top h a l f  p o r t i o n  of t he  housing, and e lectr i -  
c a l  connect ions t o  t h i s  s enso r  and t o  t h e  i g n i t o r  w i r e s  i n  t h e  exuther- 
m i c  packages were  so lde red  t o  an i n s u l a t e d  t e rmina l  board attached t o  
t h e  top h a l f  of i3ie housing. A l l  e l e c t r i c a l  connect ions were l e d  out  
of  the case through t h e  power connector on the  cover. 

Astronaut  Weitz i n s t a l l e d  the Nj52 package i n  t h e  M512 process -  
i n g  chamber i n  t h e  Skylab MDA. The chamber door w a s  s e a l e d  end the 
chamber atmosphere vented t o  space. A f t e r  a 2 hour ou tgass ing  per iod,  
he i n i t i a t e d  t h e  i g n i t i o n  process .  
r e q u i r e d  f o r  one exothermic package t o  be processed through i t s  
temperature  p r o f i l e .  The o t h e r  3 u n i t s  were processed s i m i l a r l y .  
A l l  hardware and f a c i l i t y  systems worked as designed; no anomalies were 
observed. The experiment package con ta in ing  processed exothermic u n i t s  
was r e t u r n e d  t o  e a r t h  on June 22 and t o  MSFC on June 26, l973.'$ 

Approximately 2.75 hours was 

The fol lowixg p re l imina ry  conclusions can be drawn from t he  
sample eva lua t ion  t o  date:  

"The absence of  g r a v i t y  g r e a t l y  extends the scope o f  b r a z i n g  
and, thereby, the a p p l i c a b i l i t y  of  b saz ing  t o  f a b r i c a t i o n  i n  space. 
I n  zero g r a v i t y  environment, the s u r f a c e  t e n s i o n  f o r c e s  d r i v i n g  
c a p i l l a r y  f l o w  predomimle ,  while  on e a r t h  c h e w  forces m u s t  complete 
wi th  g r a v i t y ,  Srudy of  braze a l l o y  d i s t r i b u t i o n  i n  Skylab specimens 
c l e a r l y  i r ,d ica tes  t h a t  dimensional t o l e r a n c e s ,  e s p e c i a l l y  b raze  gap 
c l e a r a n c e s ,  w i l l .  be f a r  less  c r i t i c a l  t o  j o i n i n g  ope ra t ions  i n  space 
than on e a r t h .  The .020" r a d i a l  gap s?ecimen was brazed; g r e a t e r  
gaps could also be brazed, T h i s ,  of course, could not  happen i n  1 g. 
The p r a c t i c a l  s i g n i f i c a n c e  of t h i s  f a r ,  which had been p r e d i c t e d  
b u t  never t e s t e d ,  can hard ly  be overemphasized. In space f a b r i c a t i o n ,  
many j o i n t s ,  which on e a r t h  would be produced by welding, should 
probably be brazed t o  a l low wider f i t  up t o l e r a n c e s .  

The absence of g r a v i t y  d e f i n i t e l y  and s u r p r i s i n g l y  changes the 
ways i n  which l i q u i d  and solid metals i n t e r a c t ,  For example, f o r  the 
same time and temperature cond i t ions  of cxposuse (a) l i q u i d  s i l v c r -  
copper a l l o y  d i s s o l v e s  n i c k e l  more r a p i d l y  in space than  on e a r r h ,  
nnd (b)  
copper a l l o y  more r a p i d l y  i n  space than on e a r t h .  The d e t a i l e d  
mcchmisns by which these  r e a c t i o n s  are hastened have not  been pos i -  
t i v e l y  i d e n t i f i e d ,  and c h i s  e f f e c t  of space environment had n o t  been 
p r e d i c t e d ,  The space environinent appears  t o  o f f e r  unique advantages 
:or implernentation of some l i q u i d - s o l i d  r e a c t i o n s ,  and a l so  t h e  
measurement o f  s o l u b i l i t i e s .  For example, t h e  Skylab experience c l e a r l y  
i n d i c a t e s  a h ighe r  s o l u b i l i t y  of  n i c k e l  i n  l i q u i d  s i l ve r - coppe r  a l l o y  
than had been found i n  the  earth-bound s t u d i e s  ( i n  t h i s  r e a c t i o n  
;ha s i l v e r  i s  re jected and appears  as almost pure metal); t h i s  is no t  

s o l i d  s t a i n l e s s  s t e e l  dissolves copper from l i q u i d  s i l v e r -  
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hec.ausa nickel. is more solu!>le. i n  space, but: r a t h e r  because it dissolves 
more r a p i d l y .  This pat,t.ern of  betraviot- sugges t s  t h a t  saturated l i q i i f d  
metal s n l u t i o n ~  can be more e n s i l y  produced, and t r u e  s o l u b i l i t f e s  
are more e a s i l y  determined f n  space than on ea r th ,  

Liquid-vapor boundary surfares (menisci) ,  and t h e  flow of 
l i q u * d  met:al. driven by surface t ens ion  are i n  c lose  conformance with 
what had been p r e d i c t e d  for zero g r a v i t y  environment, There were 110 

rinpxpl aincd e Efects  and i n  t h e  Skylab specimens the  surface tension 
nE Xiquid s i l .ver-copper  a l l o y  appears t o  have been quite  uniform, 

The  addition o f  a r a d i o i s o t o p e  t racer  to t he  M552 brazing 
experiment provided a. unique p i c t u r e  o f  t h e  thermal h i s t o r y  o f  braze 
melting within the annu1u.s as w e l l  a s  useful  r e p r e s e n t a t i o n  of t he  
braze a l l o y  flow p a t t e r n  du r ing  the m e l t i n g  s o l i d i f i c a t i o n  process. 
S i l v e r  isotope tended t o  s e t t l e  (hg is densegt component) in ground 
samples; whereas complete c i r c u m f e r e n t i a l  mixing of  the i so tope  was 
reported i n  Skylab samples. 
is due t:o gravi ty- induced sedimentation. The unexpected complete 
ci .rcumferential .  mixing which occurred on Skylab can h e  a t t r i b u t e d  to 
l i q u i d - s t a t e  d i f f u s i o n  and lo r  turbulence  i n  t h e  capdllary flow, 

A s  p r e d i c t e d  the grcund base s e t t l i n g  

The presence or  absence of gravity has no ohservable  e f f e c t  
on the mechanism of a l l o y  s o l i d i f i c a t i o n ,  Such m i c r o s t r u c t u r a l  details 
as dendritic c o n f i g u r a t i o n  I and e u t e c t f c  s trircture were the  same In 
space as on e a r t h ,  

'?%e Sky1 ab specimens e x h i b i t e d  fewer and sma l l e r  s h r i n k a g e  
defects  t h a t  the comparat ive ground processed c h a r a c t e r i z a t i o n  samples 
i n d i c a t i n g  that g rav i ty  force8 a r e  s i g n i f i c a n t  during t h e  capillary 
rnnvement of the braze al loy,  

The ox-ide bui ld-up 011 both the  M552 Skylab braze alloy and the 
substrate m a t e r i a l s  was less than on ground based specimens i n d i c a t i n g  
the adcqrlacy of  u t i l i z i n g  the space vacuum and its i n f i n i t e  pumping 
c.Ftpact I-y f o r  b raz ing  o p e r a t i o n s  of this  type confi .guration," 

5 ,  MS53 Sphere Forming. [14]  The PI f o r  Experiment M553 
is Mr. E , A ,  Haserneyer, MLSFC, Huntsville, Alabama, 

"The M553 Sphere Forming Experiment conducted i n  t h e  M512 
Furnatce Facility dur ing  Skylah I T  was deaigned to s t u d y  t h e  e f f e c t s  
c f  a reduced g r a v i r y  environment on the containerless s o l i d i f i c a t i o n  
01-  f ace  c e n t e r e d  cubic metals, The metals s t u d i e d  were: pure Ni, 
N f - 1  w t  % Ag,  Ni-12. wt % Sn, and Ni-30 w t  X Cu. 
v r y s t a l l i n e  structure wae s e l e c t e d  because the solkdiffcation theory 
fnr face cen te red  cttbLc materials Is the most advanced and offered 
at) attractive bas i s  for p lann ing  the experimentat ion and svaluat'ing 
t h e  results," 

The constant primary 
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The b a s i c  experimenr equipment shown i n  f i g u r e  20 c o n s i s t e d  
on a d r i v e  motor and mounting base s i m i l a r  t o  experiment M51. The 
M553 motor p o s i t i o n e d  and indexed t h e  samples through t h e  E 3  fo r  
melting. Figure 20 is an i l l u s t r a t i o n  of the d r i v e  assembly wi th  a 
sample wheel a t t ached  to t h e  motor ou tpu t  shaf t .  

"The m a t e r i a l s  were e l e c t r o n  beam melted and were e i t h e r  
r e t a i n e d  on s t i n g s  o f  t h e  same composition as t h e  specimen o r  were t o  
be r e l e a s e d  while  molten,  and s o l i d i f i e d  while  f l o a t i n g  f r e e  w i t h i n  
t h e  chamber. The l a t t e r  o p e r a t i o n  was n o t  e n t i r e l y  s u c c e s s f u l  and 
some specinens intended t o  be r e l e a s e d  remained on t h e i r  ceramic 
p e d e s t a l s .  

Ca re fu l  a n a l y s i s  o f  the  samples i n d i c a t e d  t h a t  t h e r e  w a s  an 
ou t s t and ing  r eco rd  of both i n i t i a l  and terminal s o l u t e  r e d i s t r i b u t i o c  
p rocesses ,  and t h a t  t h i s  r e c o r d  may be s u b s t a n t i a l l y  b e t t e r  t h a n  t h a t  
ob ta ined  t e r r e s t r i a l l y  f o r  comparable experimental  c o n d i t i o n s ,  F u r t h e r ,  
the l a s t  r eg ions  t o  s o l i d i f y  evidence ex tens ive  s o l i d i f i c a t i o n  t e r r a c i n g ;  
and f o r  one alloy type ,  t h i s  terracing was found t o  be decorated with 
second phase p r e c i p i t a t e  p a r t i c l e s .  
l o c a l i z e d  i n  sys t ema t i c  a r r a y s  which were f r e q u e n t l y  l o w  i n d e x  
c r y s t a l l o g r a p h i c  systems, 

These p a r t i c l e s  were h i g h l y  

Sorne of the samples underwent u n a n t i c i p a t e d  s o E i d i f i c a t i o n  
r e a c t i o n s  r a t h e r  than the  a n t i c i p a t e d  s o l i d / l i q u i d  processes, Subsequent 
c o n s i d e r a t i o n  i n d i c a t e d  t h a t  t h i s  phenomenon could have been a n t i c i p a t e d  
and t h a t  i t  w a s  a result of the  reduced g r a v i t y  environment - t h a t  i s ,  
t h e  reduced g r a v i t y  environment magnified a t y p i c a l l y  microscopic 
phenomenon t e r r e s t r i a l l y  s o  t h a t  i t  became a macroscopie e f f e c t .  
Work i s  con t inu ing  on q u a n t i f y i n g  t h i s  e f f e c t ,  

Ir i s  f e l t  t h a t  t h e s e  and subsequent r e s u l t s  w i l l  c o n t r i b u t e  
t o  t h e  d e t a i l e d  understanding of  t e r r e s t r i a l  s o l i d i f i c a t i o n  p rocesses  
and have shown t h e  importance of  cons ide r ing  t h e  gas phase du r ing  space 
processing. Whereas p r i o r  consideration of  one -g rav i ty  s o l i d i f i c a t i o n  
d e a l t  w i th  l i q u i d / s a L i d  r e a c t i o n s ,  t h i s  work i n d i c a t e s  t h a t  considera-  
t i o n  of  s o l i d l l i q u i d l g a s  r e a c t i o n s  i s  important  and p o t e n t i a l l y  
b e n e f i c i a l  i n  a reduced gravi ry  environment. It was a n t i c i p a t e d  t h a t  
t he  reduced g r a v i t y  environment would enhance t h e  s p h e r i c i t y  of  t h e  
processed samples and t h i s  enhancement i s  shown i n  figures 21a and 
215 f o r  l g  and l o w  g specimens, r e s p e c t i v e l y .  T y p i c a l l y ,  t h e  l g  
specimens had a s p h e r i c i t y  v a l u e  ( h z / R m i n >  of 1.28, whereas the f l i g h t  
szimples were typically 1.01 t o  1.04, a s u b s t a n t i a l  enhancement due t o  
the r e d u c t i o n  i n  gravi ty . ' '  

6, 3f.555 GaAs Crystal Growth. The P I  f a r  Experiment M555 i s  
Mr. M.C. Davidson, NASA, MSFC, H u n t s v i l l e ,  Alabama. 
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This experiment was to  grow sf.ngE~ cryst.nis; of  gallitirn arser!S.de 
from safution i n  near-zero-g,  i .n c?ricit:ipatir>n of producing ma te r i a l  of 
except ionaI , ly-high chemical and c~pstalline perfect:i.on, 

The hardware was s c h e d u Z d  !-o he launched Sn the  SL12 Of 
and performed i n  t h e  M512 chamber du r ing  the first nilssion, However, 
the F4555 launch contafner was rernov~d from the SL-2 673 t~ provide 
additional. 1 a11nch space f a r  cont ingency equipnent 

Approval was ob ta ined  for  I.aunch and performance of bI554 di.Iring 
t h e  SL-3 m i s s i . o R ,  and the launch container was stowed i n  t h e  CM. 
However, a t  the  SL-3 F1.i.ght: Rcadlness Review 011 July 24, 1.473, NASA. 
removed the  con ta ine r  to allow stowage of t h e  contingency r a re  gyro 
hardware e 

The a 5 5  hardware .was l t i c h d e d  on a pri.ori.ty IFst f o r  I.aur& 
i n  t.hr SL-4 a, h e  t o  several f ac to r s  (weig?it> s f z e ,  and p r i o r i t y  
nurnlscr) the hardware was not: Launched on SL-4,  The experinient hard- 
ware i s  c u r r e n t l y  s t o r e d  a t  NSFC fo r  a future program, 

The Mi11 t: iptarpo se E l.ec I: r i c. F1.t rnac,e Sp s t e m  (MEFS) was i n  t:e nded 
t o  enhatlce the Skyl.alr hardware capn!riI. i.tias by providlug means to perform 
experiments on  s o l i d i f i c a t f o n  crystal growth and o ther processes 
involving phase changes i.n m a t e r i a l s .  The System was trsed fin perform 
11 experiments  i t ivolving phase changes ar: e leva ted  tenipera.tures i n  
sgs t:Pms cornpris i ng  5e lect.ed cornb-i.riat i on5 o f  so 1 i d 3  1.i.qii i. d , arid vapow 
phases. Rocausr uf the near-zero g r a v i t y  aboard Sky-l:al;l, the l . iquid 
and vapor p h a s e s  were e s s e n t i a l l y  quiescent and phases o f  d i f f e r e n t  
derisj. t y  had l i t t l e  o r  no  tendency t o  s e p a r a t e ,  

The guid ing  des ign  requirement for  t h e  MEFS was t o  produce 
apparattis tha t  would apply prescribed h e a t i n g  and coo l ing  programs 
and/or  known temperature  distributions t o  selecred experiments?. 
sa!nples t 2 f  material  e Tt would a 3 . s ~  -prowi.de the widest: possible 
f l  ~ x i . b i . l i  t y  i n  a p p l y i n g  t h e  temperature d is r r - IBnt ions  ai?d ternperatltre- 
versus-time sequence$ w i t h L r i  the constraints impofied by e x i s t i n g  
interfaces  t o  whfctr the W,FS wag !:o be d e s f g n e d ,  

The MEFS cans;isteil of  t h r e e  mai.11 p a r t s :  t h e  E ~ J Y . I X ~ C ~ ,  designed 
tn i n t e r f a c e  w l t h  t-he Pi512 Marerials Pracc!ssing Facility; a programmable 
e l e c t r o n i c  temperatwe crmtrol.:.ed, used tn rontrol. the temperature 
leve1.s i n  the furnace; and experiment cartridges which contained the  
sample rnateria1.s. 
c a v i t i e s  so that  three materia.1 samples r:ouId h c  paocc+saed i a  a s i n g l e  
r~m,  The f ~ r a a c e  was ~ ~ n s t x d ~ r e d  t o  provide th ree  d i f f e r e n t  temperature 
zones along th+: I.rngt11 nE each sample crwity $9  follows: 

The furnace (see f i g u r e  22) had three specimen 
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A programmable consrant temperature hot zone at the end 
oE t h e  sample c a v i t y  where temperatures up to l0500C 
were launched. 

A gradient zone next t o  the hot zone where temperature 
gradients rangi.ng from 20°C to 2000C per rentfmeter were 
es tab l i shed  in the  samples, 

A COOL zone kn which heat conducted along the samples 
was rejected by radiation to a conducting path that  
carried the heat  ut of  the system. 

The control package provFd@d act ive furnace temperature control, 

Two timing c ircu i t s  -in the controller permitted programming 

Active temperature control continued during programed 

It was adjustable t o  any s p e c i f l e d  temperature within the furnace 
c a p a b i l i t y .  
the soak time a t  the s e t  temperature and the furnace cooling r a t e  after 
the soak perfoil. 
coo 1 i ng 

mre c a r t r t d g e  thermal design further controlled the actual 
temperature d i s t r i b u t i o n  applied t o  the sampleo 

The FEFS was used in conjunction with M512 MPF, for t h e  
performance of:  

Pf.556 Vapor Growth of  I V - V I  Compounds 
I4557 Immiscible Alloy Compasit€on 
tf.558 Radioact ive Tracer 
M559 Microsegregation in Germanium 
MS60 Growth of Spherical Crystals 
M56l  Whisker-Reinforced Composites 
F?562 Indium Antimaaide Crystal Growth 
M.563 Mixed 111-V Crystal Growth 
M564 Hal ide  Eutectics 
H.565 Silver C;r€ds Melted in Space 
I566 Aluminum-Copper E u t e c t i c s  

The IT518 FlEFS i n s t a l l e d  on the If512 MPF i s  shown i n  f i gu re  23. 

8, ti556 Vapor Growth of IV-VI Compounds. [ l . S J  The PI for 
Experiment M556 is Dr. H ,  Wiedameier, Reusselaer Polytechnic Inatitutc, 
Troy, N e w  York. 

"The p r imary  objective of OUT c r y s t a l  grawth experiments i t l  
space was to observe and t o  measure changes i.a the mass transport 
rare of t chemical. system and i n  the  morphology of crystals o f  W - V I  
comporsnds 
experimental conditi.on8, the transport should be controlled by the  

In t he  absence af gravity-driven convection and €QE givcr~ 
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FIGURE 23.  M518 NEFS INSTALLED ON M512 I.PF 



thermochemical parameters of t he  s o l i d - g a s  phase react-iotn. The crysral  
h a b i t  and morphology should be p r i m a r i l y  determined by the crystallo- 
graphi E. properties of the respectlue crystal s t r u c t ~ r e s ~  I n  addf t i o n ,  
in format ion  concerning the number and df . s t s%br i t ion  of c r y s t a l  d e f e c t s  
is expected from these Fxperitnents, u 

'tin a chemical t r a n s p o r t  reaction ( *  n . )  a gaseous t r a n s p o r t  
agent r e a c t s  a t  a given temperature w i t h  the s o l i d  source material t o  
form c?xcI.usive'ly gaseous praducts+ The vapor species migrate  from t h e  
source t o  the condensation z o n e  of the reaction v e s s e l  where, a t  a 
d i f f e r e n t  temperature, t he  r e v e r s a  reaction OCCUIX w i t h  formation of 
the so1i.d. The necessary concentration g r a d i e n t  is establ ished by 
means of a temperature  gradi .ent ,  Under optimal. experimental  conditions 
well def ined  s ing le  c r y s t a l s  ate formed by the condEnsatLon r e a c t i o n b  
TIIF! transport: reaction is  c a r r i e d  out in evacriated s e a l e d  ampules of 
f m e d  s i l i c a  .which are  subjected t o  the desf.red temperature g r a d i e n t  
i n  a horlzontal two-zone tubular r e s i s t a n c e  furnace, '* 

"The t r a n s p o r t  ampules were made of fused s i l i c a  t!xk~j.i:)g a €  
1 3 , 7  mm innet diameter  and 150 rmn i n  Length, Close to one end thc 
ampule contained t- h r ee  shal-low i n d e n t a t  i ons  to  ho ld  t:he sonrce 
ma te r i a l  i n  placeb 
a presslire o f  10-6 t o r r  o r  l e s s .  P r i o r  t o  loading  ehe  cleaned 
ampi.11e.s ( e * * )  were outgassed at a temperature  oE about: LOOOQC: for 
1.0 hours  and a vacuum of 10-6 torr.  tie po1yc.rystal l j .w s t a r t i n g  
m a t e r i a l s  GeSe and GeTe were syn thes i zed  by annea l ing  stoi.chl[.ometric 
rnixttires of  h igh  purity elements (99.999%) and subsequent: subl imat ion 
of the product ( * *  e )  The crystallographic i d e n t i t y  of t h e  materials 
was e s t a b l i s h e d  by X-ray d i f f r a c t L o n  t e c h n i q u e s .  
(99.99917) was used as a transport  agent ,  The arnpu1.e d e s i g n a t e d  3h $.n 

3 this experiment contained 2.0 gm of GeSe and L4,28 mg o f  GeI4 p e r  crn 
r i ibe volume, 
GcT4, and ampule 3 C  contained 1.0 gm CeTe and 7.14 rng/cm3 GeT4. 
seal ing  t h e  ampule, the s t a r t t n g  material was q u a n t i t a t i v e l y  sublimed 
t o  the. source end. For the eernperature g r a d i e n t  520 + 420°C, these 
c .ondi tIons  corresponded t o  a high (GeSe,  3A), low (FeSe, 3B)  and 
medium (GeTe, 3C) c o n t r i b u t i o n  of t h e  convective component t o  t h e  
o v e r a l l  transport under  ground-based c o n d i t i o n s ,  
was used for the SL-3 mission experi.menfs." 

The o t h e r  ampu1.e end was sea3.ed a f t e r  loading a t  

H.i.& p u r i t y  GeZ4 

Ampde 38 was loaded w € t h  1.0 gm GeSe and 1.28 mg/cm3 
After 

T h i s  s e t  of ampul BB 

"For the SL-4 mission experiments the  back-up ampules 5 A ,  
58, and %c were employed, The q u a n t i t i e s  of GaSa and CeTe and che 
initial amounts of t r a n s p o r t  agent  Ce& used i n  t h e s e  ampules was 
t h e  same ad i n  t h e  corresponding SL-3 t r a n s p o r t  t ubes .  Due t o  the 
lower temperature g r a d i e n t  used for the SL-4 experiments (412 -c' 346'C), 
a p a r t i a l  precipi tat ion of transport agent occrxrsed i n  ampules 5h and 
5f: during transport, No p r e c i p i t a t i o n  of GaXh occurred 1st ampule 5B, 



The resulting pres su re  cond i t ions  corresponded t o  a medium (GeSe, 
5 A  and GeTe, 5C)  and t o  a l a w  (GeSe, 53) convec t ive  can t r ibup ion  t o  
the overall t r a n s p o r t  u n d e r  ground-based condi t ions ."  

"The t r a n s p o r t  rubes were enc losed  w i t h  the  proper  h e a t  shields 
i n  evacuated metal c a r t r i d g e s  ( 9 s . ) .  These c a r t r i d g e s  were i n s e r t e d  
i n t o  the mult i -purpose furnace by the a s t r o n a u t s .  The chemical t r a n s p o r t  
reactions f o r  t he  GeSe and GeTe systems and t h e  experimental  cond i t ions  
employed f o r  t he  s t u d i e s  i n  micro-gravi ty  environment are summarized 
i n  Table V I I .  
of the  gradient:  and  i d e a l  gas cond i t ions .  

The GeI4 pressures are  c a l c u l a t e d  f o r  the  mean temperature  

TABLE V I Z .  T W S P O R T  REACTIONS AND EXPERTf.fE;NTAL CONDITIOXS 

T: 5 2 0 4  420'C (SL-3 Mission) 

GeSe (3A)  P Gel&(&) = 1.50 atrn 

GeSe (3B) P GeI4(g) = 0.13 atrn 

GeTe (3C) P GeIq(g) = 0.75 arm 

T: 412 -t 346OC (SL-4 Mission) 

GeSe (5A) P GeI4(g) = 0.42 atm 

GeSe (53) P G e I 4 ( g )  = 0.12 atrn 

GeTe (5C) P GeI4(g) = 0.60 atm 

A f t e r  i n i t i a t i n g  the h e a t i n g  cycle  a jod rd  S/L-3, a ternpera- 
t u r c  of  520'C a t  the source  end  and o f  42OoC a t  t he  condensation r eg ion  
o f  the ampule wgre achieved a f t e r  2.75 hours .  
maintained (3- - 3 C f o r  33 hours ,  du r ing  which t r a n s p o r t  and c r y s t a l  
growth occurred.  A f t e r  t e rmina t ion  o f  the experiment ,  coo l ing  of t h e  
ampules t o  ambient temperature  took place i n  the mult i -purpose furnace 
over a pe r iod  of about 12.5 hours .  
experiments  c o n s i s t e d  of  a heat-up pe r iod  of 1 - 5  hours ,  a soak-time a of 34 hours  during which the temperature  remained constant w i t h i n  5 3 C ,  
and a cool-down per iod  of 7 hours." 

These cond i t ions  were 

The heac ing  cyc le  f o r  the SL-4 
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"The combined experimental  evidence Erarh the a n a l y s i s  of space 
grown c r y s t a l s  confirms t h e  p r e d i c t e d  p o s i t i v e  e f f e c t s  of  micro-gravi ty  
on c r y s t a l  q u a l i t y , "  (See f tgvres 24 and 25.) "This i s  based on a 
comparison of macrossnpic c r y s t a l  h a b i t s ,  d e p o s i t i o n  p a t t e r n s ,  o p t i c a l  
and scanning rlectron microscopy, and the  r e s u l t s  o f  t h e r m a l  etching 
o f  cleaved crystals ob ta ined  u n d e r  ground-based and microgravity 
condi t i o n s .  " 

"In add1tJ.m t o  improved c r y s t a l  quality, a second major r c m l t  
o f  the Skylab experiment I4556 is t he  obse rva t ion  o f  g r e a t e r  mass trans- 
po r t  rates  than expec ted  i n  micro-gravi ty  environment. This obse rva t ion  
i s  of s c i e n t i f i c  and t echno log ica l  s i g n i f i c a n c e  wLth r e s p e c t  to the 
theoretical ex tens ion  of convent ional  t ransport  models and the  possibility 
of  growing higher  q u a l i t y  crystals a t  reasonable ra te s  by t h e  vapor 
t r a n s p o r t  technique i n  space. Continuing ground-based s t Q d i e s  i n d i c a t e  
that  t h e  interaction between gravity-driven and other: convect ive 
components causes tt.irbulence and the  nega t ive  e f f e c t s  on crystal 
q u a l i t y  as observed on e a r t h .  The u l t i m a t e  goa l  o f  t h e s e  s t t i d i e s  i s  
to  approximate t h e  e f fec ts  of micro-gravity on crystal quality under 
earth-bound cond i t ions ,  I t  

"The i n t e r n a l  consistency of  r e s u l t s  obtained fur two materi .als 
(GeSe and GeTe) two di . f fereat  temperature gradients and va r iom 
p r e s s u r e s  o €  t r a n s p o r t  agen t  s t r o n g l y  support. t h e  v a l i d i t y  of the 
al>ove conclusions, I' 

9 ,  -%57 Immiscible Alloy CornposFtFon. 1261 The PI f o r  Experi- 
ment Ff5.57 is M r ,  <J, Reger, TRW, Systems G Y O U ~ ,  Redondo Beach, California. 

The. experiment was t o  determine t h e  e f f e c t s  O E  near-zero-g 
d 

an t h e  p rncess lng  o f  m a t e r i a l  compositions which normally segregate on 
e a r t h .  

Immj-scib1.e s y s t e m s ,  wi th  f e w  exceptions, are one  of the  II 

m i  qiie classes of  materials which are rton-producibEe in bulk form 
m i  earth. A number of these systems provided 8 p o t e n t i a l  class of 
new m a t e r i a l s  i f  they can be successfu1Iy produced i n  space,  These 
potential a p p l i c a t i o n s  lnc lude  electronic, o p t i c a l  end o t h e r  types 
of m a t r r i a l s  w i th  unique physical characteristics. 

Since s e g r e g a t i o n  effeces due t o  densFty differences and the 
r e l a t i v e l y  long time period necessary to solidify the m a t e r i a l s  from 
the l i q u i d  s t a t e  are the primary reasons  for inability to  Becure 
b u l k  samples, processing i n  a low gravity environment should circumbent 
t h e  ma jo r i ty  o€ the problems associated with the immiscible ~ysterns." 
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NOTE: 
based (a) and space (b)  transparL ampii lc .  
c r y s t a l s  (b) range f r o m  0.2-18m. 

V i e w  of the deposition r eg ion  of GeSe (3A cond i t ions )  gcound- 
Edge l e n g t h s  of space 

FIGURE 2 4 .  DEPOSlTLON OF CeSe CRYSTALS 
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Photographs of: f r o n t  and back s i d e  of t h e  l a rges t  GeSe single c r y s t a l  p l a t e l e t  grown under 
micro-gravity conditions ( 3 A ) .  Dimensions are 4xl8mm, thickness i s  a b o u t  50J, 

FIGUKl3 25.  LARGEST GeSe CRYSTAL GROWTH 



“Experiment M-557: “Immiscible A l l o y  Compositions“, i s  comprised 
of t h r e e  s e p w a t e  specimen ampoules p e r  c a r t r i d g e  processed i n  t he  M-518 
Multipurpose E l e c t r i c  Furnace; two i n  t h e  i so the rma l  p o r t i o n  and orie 
i n  the g r a d i e n t  r eg ion  of  t he  furnace.  The iso-cheraal ampoules, 
des igna ted  A and 3, con ta in  76.85 - 23.15 w/o gold-germanium and 45,05 - 
45.06 - 9.89 w/o  lead-zinc-antimony, r e s p e c t i v e l y .  Ampoule A, gold-  
germanium, e x h i b i t s  almost complete s o l i d  s t a t e  i m m i s c i b i l i t y  and 
Ampoule B ,  lead-zinc-antimony, e x h i b i t s  a l i q u i d  m i s c i b i l i t y  gap below 
a c r i t i c a l  o r  consolute temperature.  The g r a d i e n t  ampoule, des igna ted  
C,  con ta ins  70,20 - 14.80 - 1 5 , O O  w/o l ead - t in - ind ium,  wi th  t i n  as 
the p r e c i p i t a t e d  second phase.“ 

“Two s e t s  of  t h r e e  c a r t r i d g e s  each were processed under a m  
g r a v i t y  cond i t ions  as c o n t r o l s ;  thrse h o r i z o n t a l l y  and t h r e e  v e r t i c a l l y  
i n  t h e  furnace.  Three c a r t r i d g e s  were then subsequen t ly  processed in 
t he  M-512/N-518 f a c i l i t y  on board Skylab dur ing  the SL-3 mission. 
S a s i c a l l y ,  t h e  p rocess ing  c o n s i s t s  of  h e a t i n g  the  i so the rma l  s e c t i o n  
of the c a r t r i d g e s  t o  720°C, ho ld ing  the. temperature  f o r  a soak p e r i o d  
oE 4 h o u r s ,  t hen  a l l o w i n g  t h e  c a r t r i d g e s  t o  p a s s i v e l y  cool to ainbient 
temperature .  T h i s  temperature  was set  t o  a l low Ampoule B to be h e a t e d  
above t h e  c r i t i c a l  o r  conso lu te  temperature  where t h e  l i q u i d  i r x a i s c i b i l i t y  
gap i s  cxcccdeci and the l i q u i d  elements become s i n g l e  phase. The soak 
p e r i o d  i s  s u f f i c i e n t l y  long  f o r  complete mixing and d i f f u s i o n  of t h e  
elements.  The zenpe ra tu re  a t  the c o l d  end i s  clanped such t h a t  Ampoule 
C i s  nor cornpletely melted,  thus a comparisan of the s o l i d i f i c a t i o n  
behavior  between one gravi ty  and low g r a v i t y  procsssed specimens can 
be made.“ The experiment was r epea ted  on the S E - 4  mission using the 
same thermal  c o n d i t i o n s ,  

”From Che n e t a l l u r g i c a l  and e l e c t r o n i c  examinations,  t h e  law 
g r a v i t y  processed specimens e x h i b i t e d  unique m e t a l l u r g i c a l  f e a . t u r e s  
and enIianced e l e c t r o n i c  p r o p e r t i e s  as c o n t r a s t e d  t o  the  one g r a v i t y  
processed c o n t r o l s  ‘ I  

“In a l l  cases,  t h e  l o w  g r a v i t y  processed specimens e x h i b i t e d  
b e t t e r  Iiomogrnization and m i c r o s t r u c t u r a l  appearances Chan the one 
g rav i2y  c o n t r o l  speclmens.” ( S e e  figures 26 and 27. )  “The e l e c t r o n i c  
Schavior o €  t h e  low g r a v i t y  spec inens  were equal  o r  s u p e r i o r  i n  every 
K ~ S ~ ~ C L  and tlie Aunpoule B specimens exhibited an anomalous superconduct ing 
transition temperature  approximately 2 K h igher  than  e i t h e r  rhe elements 
or  t h e  O i l e  p a v i t y  con t ro l  specimens. In a d d i t i o n ,  the  l o w  g r a v i q  
processed A and B ampoules e x h i b i t e d  X-ray d i f f r a c t i o n  l i n e s  not 
i d e n t i f i a b l e  with m y  r e f e r e n c e d  d i f f r a c t i o n  p a t t e r n s .  

0 

Tnasaucii as a l o w  g rav i ry  environment suppres ses  thermal con- 
v e c t i o n ,  h igh  G / R  ratios can be u t i l i z e d  t o  obrai-n d i r e c t i o n a l l y  
s o l i d i f i e d  s t r ; ic tures  having s u p e r i o r  metx, l lurgical  and electronic 
features, exempli€ied by t h e  C spec inens ,  as c o n t r a s t e d  t o  t he  one 
g r a v i r y  processed  specimens. 
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SPECIMFX 1 A  

ONE G M V I T Y  
LOW G R A V I T Y  

SPECIMEN 5A 

PROCESSED SPECIMENS IA BND 5A MD 
PROCESSED SPECIMEN 1 2 A  ( i O X  ) 

SPECLMEN 12A 

FICUm 26. GOLD-GEKMAXZCM DISPERSLON 
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SPECIMEN 5B 

SPECIFIES 1 2 B  

ONE G R A V I T Y  PROCESSED SPECIMENS 33 and 5B AND 
LOW G R A V I T Y  PROCESSED SPECIMEN 1 2 B  ( LOX } 

F I G U R E  27 .  L,ElW-ZINC -ANTIMONY DISPERSION 
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Tr must  be emphaa€zed tltae: these  rnareria1.s r e p r e s e n t  only  a 
f r a c t i o n  of  the hundreds O F  systems pnssessing a miscibility gap which 
have been i d e n t i .  Ei.ed. Howcvcr ~ the Fnteresting el.ectranlc and 
metallurgical behavior o E t h e s e  processed materials h a s  lead  to  cautious 
optimism regarding the  poten t ia l .  use of  this c l a s s  o f  mater ia l s ,  Thtis 
from this w r k ,  i t  Fs a n t i c i p a t e d  t h a t  f u t u r e  research i n t o  tmisci .ble  
systems will b e n e f i t  n o t  on ly  t h e  b a s i c  u n d e r s t a n d i n g  of materials 
behavior but  ultfmate3.y enable materials to  he produced which will 
have extremely u s e f u l  applications,'' 

10, M558 Radioactive Tracer, E173 The P I  f o r  Experimeor a 4 8  
is Dr. A, 0. Ukanwa, Howard University, Washington, DC, 

"The o b j e c t i v e  ut' t h e  M458 Radi o a c t i u e  Tracer D i P f u s i o n  
experiment was to  measure s e l f - d i f f u s i o n  e f f e c t s  io l i q u i d  metals in 
spsce f l i g h t  and characterize t he  d i s t u r b i n g  e f f e c t s ,  i f  any, due 
t o  s p a c e c r a f t  a c c e l e r a t i o n .  Recause o f  t he  near -zero  g r a v i t y  aboard 
Skylab,  t h e  e f f e c t s  of c o n v ~ c t i o n  on pure se l f -d i f fuston w m l d  be 
mtnimal, 

Three c -a r t r idges  were t e s t e d  i n  Skylab, Each cartridge 
encapsulated a n e u t r a l  z inc .  rod ca r ry ing  a s e c t i o n  of  radioactive 
zi.nc-65. The radioactive sec t ions  were a t  t h e  thermal ly  c o l d  end 
of  onc z i n c - r o d ,  at  the  t h e r r n d l y  ho t  end oE another  zinc-rod and at: 
t h e  c e n t r a l  s e c t i o n  of the  t h i r d  z inc  rod. The d i f fus i .on  t i m e  
involved 2 hours of h e a t - u p ,  1. hour of soak under  a temperature 
g r a d i e n t  arid 13 hours of pas s ive  coal down i n  the M51.8 Nil.tip.rrpnse 
Electric Furnace. Three car t r idges ,  configuraked similar t o  the 
Skylab c a r k r i d g e s ,  had also been t e s t e d  an e a r t h  t o  provide  ground-  
base data under normal. gravity f o r  comparison. 

Data from t h e  Skylab samples have been  marked1.y d i f f e r e n t  
from the  ground-base da ta  oh ta ined  on ea r th ,  On earth, radioactive 
zinc-65,  p rope l l ed  by gravi ty- induced convection, r a p i d l y  d i f f u s e d  
th rough  t h e  n e u t r a l  z i n c  samples i n  less t han  1 hour  of soak rime, 
t o  y i e l d  an almost uniform distribution o f  a inc-45 t h r o u g h o u t  the  
samplea" (See fi.aures 25, 29 and 30.) "On t he  other hand,  i n  the 
ncar -zero  gravi. t y  environment of S k y l a h ,  the  slow distribution of 
zi.ncbGS revea led  the  p a t t e r n  a t t r ibu tah l  e most ly  t o  p u r e  volume 
c l i f fus  inn i f i  the  absence of  a p p r e c i a b l ~ e  convec t ive  ctirrerits + '' 
f igures  31., 32 and 3 3 . )  

(See 

"The d i s t r i b u t i o n  of zfnc-65 t racer ,  after me1 ting, mafntain- 
i.ng a t  soak temperature  f o r  1 hour  o f  soak time and then r e s o l i d i -  
Eying ,  was obtained by sample sectiontng, The concen t r a t ion  of activity 
n f each sect ion (micracurielgranl) was p l o t t e d  against  positions along 
the  sample ax ia l  and radixl. position, Expes€mental data and theora-  
ri.c.al. restilts from s o l u t i o n  of  Fick's l a w  of diffusl .an in one dimension 
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FIGURE 30, M558 GROUND RASED SAMPLE A - 1  
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were compared. 
Dif fus ion  coefficient i n  u n i t  g r a v i  r y  vas 50 times t,lie ze ro -g rav i ty  
d i f f u s i o n  c o e f f i c i e n t  of Skylab, 
a t t r i b u t a b l e  t o  t1ni.t g r a v i t y  c.onvcctive v e l o c i t y  o f  o n l y  4.16 x 
t0’4crn/sec i n  magnfcude 
o f  Skylab was found t o  be D =: 9.1.7 x IOm4 exp-f5,160/Rz) cmz/sec f o r  
t h e  temperature ragge from 693% ( 4 2 O O C )  t o  973°K (700 C). 
c o e f f i c i e n t  at 550 C was found t o  be 4,28 x cm2/sec.” 

Samples t e s t e d  on ear th  showed very  r a p i d  d i f f u s i o n .  

Thi.s order  o f  d i  Eference was 

The convection-free di. f fusion c o e f f i c i e n t  

The diffusion 

11., M559 Microsegr-tion, in Germanium, [Is] The PIS f o r  
Experintenr M559 are D r ,  F,W, Volrmer and Dr, J,T. Yue, Texas  Instruments 
Lnc, ,  D a l l a s ,  Texas. 

“The objective of the experiment is t o  i n v e s t i g a t e  whether OK 
not an improvement can be ob ta ined  i n  so lu te  m€c.rosegregatfon for  
crystal growth o f  a semiconductor material in a grav i ty -  f ree  environ- 
ment, and 3 . f  imprnvemenr r a n  he  obta ined  whether o r  not  i t  tan  he 
q u a n t i f i - e d .  

Sol.ute rnicrosegrcgnti.on i s  de f ined  a s  micro-inhomogenei t i e s  
of the s o l u t e  species which occurs  dur ing  solidification i n  crystal .  
growth. ( *  w )  S o l u t e  microsegregat ion,  w h i c h  l e a d s  t o  r e s i s t i v i t y  
var5,at ions i n  t h e  semiconductor ma te r i a l  bo th  i n  para l l e l  and per-  
peridl c u l a r  directions ol: c r y s t a l  growth, can have adverse e f€ec t s  
o n  scmi.c:oiiduc.tor device performance. { * )  The presen t  i n t e r e s t  i n  
tbe setn:i.conductor fndcrs t ry  i s  t o  grow acmiconductor mater ia l s  wi.th 
hnmogenenus dopant d i  Rttfbutions. 

A major c o n t r l b u t i o n  t e  seg rega t ion  behavior i s  the always- 
present convect ton current ( - * - >  i n  the melt d u r i n g  c r y t s a l  growth. 
P r e s e n t l y ,  t h e  magnitude of grav i ty- induced  convective mxiing on 
segrega t ion  and p a r t i c u l a r l y  microsegregation i s  no t  known. Far 
ucr res t r ia l  crystal growth, c o n t r i b u t i o n s  to convective mlxing a s s o c i a t e d  
w i t h  gravity are i n t r i - n s i c a l l y  coupled w i t h  contributions a r i s i n g  from 
temperature  gradient d i f f e r e n c e s  and fluctuations and i t  is t h e r e f o r e ,  
iicar1.y impossib1.e tc, i s o l a t e  t h e  f n f l u e n c e  of grav i t y ,  Ry compari~ng 
c rys t a l s  gretm i n  A space environment, with i d e n t i c a l  c r y s t a l s  
grown i n  a t e r r e s t r i a l  environment,  the efSects of  g r a v i t y  can be 
isnl .a ted f o r  the  f i r s t  time, 

{ * o * )  I n  order  t o  d e f i n e  the i n f l u e n c e  of  gravity 611 terres-  
t r i a l  crysta.1 growth,  both horizontal and vertical directions of 
s o l i d i f i c a t i o n  were used.  The vertical c r y s t a l s  were grown i n  temperad 
ttlre s t a b i l i z i n g  p o s i t i o n s .  ( a  0 )  The  process chosen f o r  crystal 
growth was the g r a d i e n t  freeze method ( *  @ >  because of the s i m p l i c i t y  
involved: no movement was required of the  m e l t  during  crytsal 
g ~ ~ w t . l i  and 2> a  stant. ant. rate of solidification could be controlled 
hv lowering t h e  furnace temperature  by a uniform power reduction. 

1) 



Three i d e n t i c a l  s e t s  of  germanium c r y s t a l s  were prepared. 
Each s e t  contained three d i f f e r e n t l y  doped c r y s t a l s :  gal l ium, antimony, 
and boron. Two s e t s  were u s e d  a s  ground c o n t r o l  samples with one s e t  
grown i n  t h e  temperature  stabilizing p o s i t i o n  and the o t h e r  i n  t h e  
h o r i z o n t a l  p o s i t i o n ,  The t h i r d  se t  of germanium c r y s t a l s  w a s  grown 
i n  space.  The experiment c o n s i s t e d  of r eme l t ing  a p o r t i o n  of t he  
germanium c r y s t a l  and then r e s o l i d i f y i n g  the  remelted po r t ion  under 
c o n t r o l l e d  cond i t ions , "  

"Both t h e  t e r r e s t r i a l l y  grown and space grown germaniuE 
c r y s t a l s  underwent similar r eme l t  temperature cyc le s ,  For any one 
s e t ,  a l l  t h r e e  c r y s t a l s  were exposed t o  t he  same furnace cond i t ions  
as each mult ipurpose e l e c t r i c  furnace was able  t o  con ta in  rh ree  
c a r t r i d g e s  s inu l t aneous ly .  A t  the  s ta r t  of  t h e  remelt  c y c l e ,  the 
furnace  temperature was i nc reased  t o  t h e  soaking t c n p e r a t u r e  of 
1000°C w i t h i n  3 hour s ,  
p o r t i o n  of the o r i g i n a l  germanium c r y s t a l  would be remelted ( t h e  
m e l t i n g  point of  germanium i s  938 C ) ,  The soak temperature was h e l d  
f o r  about 2 hours a t  a s t eady  level  i n  o r d e r  t o  allow t h e  system t o  
reach s t eady  s t a t e  cond i t ions .  The cool-down cycle  was then 
i n i t i a t e d  by reducing the  temperature  a t  the hot  end of  t h e  c a r t r i d g e  a t  
a r a t e  of 0.6 C p e r  minute,  which enabled the  c r y s t a l  t o  r e - s o l i d i f y .  
As t he  cool-down cyc le  proceeded, r a p i d  f r e e z i n g  would suddenly occur 
i n  the c r y s t a l  when t h e  hea t  l e v e l e r  temperature f e l l  below 938 C. 
Microsegregat ion c h a r a c t e r i z a t i o n  only  i n  t he  r eg ion  of  slow s o l i d i -  
f i c a t i o n  was examined." 

< * >  A t  t h i s  temperature,  an a p p r e c i a b l e  

0 

0 

a 

"The r e s u l t s  o f  t h i s  first experiment on s o l i d i f i c a t i o n  i n  
space has i n d i c a t e d  t h a t  q u a n t i t a t i v e  da ta  on t h e  i n f l u e n c e  of g r a v i t y  
on s o l i d i f i c a t i o n  can be obtained.  Germanizm c r y s t a l s  have been 
grown f o r  the f i r s t .  rime i n  space,  It has been shown t h a t  s o l i d i f i c a -  
t i o n  i n  space can provide s i x - f o l d  improvement i n  macrosegregation and  
n e a r l y  two-fold improvement i n  microsegregat ion f o r  c r y s t a l  growrh 
by the  g r a d i e m  f r e e z e  method, The i n f l u e n c e  of g r a v i t y  on convect ive 
mixing has been q u a n t i f i e d  €o r  s o l u t e  r e d i s t r i b u t i o n  i n  n e a r l y  
unidirec. t ioaa1 s o l i d i f i c a t i o n  and i t s  r o l e  i n  macro a n d  microsegregat ion 
is now b e t t e r  understood. A t h e o r e t i c a l  model based on t h e  i z p l i c a t i o n s  
of t h e  EPS theo ry  has Seen found t o  be c o n s i s t e n t  w i th  t h e  r e s u l t s  
obtaii:ed from rhe spreading r e s i s t a n c e  measurements. Add i t iona l  
d e t a i l e d  a n a l y s i s  and SR measurements a re  still i n  p rogress  in o r d e r  
t o  f u r t h e r  d e f i n e  the. i n f l u e n c e  of  g r a v i t y  on microsegregat ion.  I '  

12.  WO Growth of  Sphe r i ca l  Crystals. [IS] The PI for 
E x p e r i m e n t  N.560 i s  D r .  H.U. Walter, U n i v e r s i t y  of Alabama i n  H u n t s v i l l e ,  
AI, a b  ama. 

81 



"The present  study on "Seeded, C ~ n t a i n e r l e s s  S o l i d i f i c a t i o n  
of  InSb'' (Skylab Experiment M-560) d e a l s  w i t h  same of t he  basic  
aspects o €  conrainer l .ess  c rys ta l  growth. The objectives of the 
invcstigatinn were d e f i n e d  as follows: 

Investigate the  Eeasibi l iry  of con ta ine r l e s s  processimg 
o f  single crysta1.s in space environment. 

Obtain Lnformat ion on the stri ictural  pe r fec t ion  of  space- 
grown crystals as compared to samples grown on ear th ,  

Demonstrate t h e  po tcn t i a l  of space f o r  producing homoge- 
neousl.y-doped semiconductor material..  ' I  

"The basi.c experimental approach can be descr ibed as follows: 
An o r i e n t e d ,  c y l i n d r i c a l  s P n g l e  crystal,  oE TnSb i s  mounted a n t o  a 
g r a p h i t e  base t h a t  i~ l oca t ed  a t  the cold  end o f  t h e  grad ien t  fu rnace .  
Fronr t h i s  s u p p o r t ,  t h e  samp1.e extends through the  gradient s e c t i n n  of  
the frirriacc i n t o  a hemisphe r i ca l  heating cav i ty  t ha t  is l o c a t e d  i n  the 
hot  zone of the  furnac.e. As the  graphite cavity i s  t i eawd,  a tempera- 
t u r e  grad€ent  i s  established along the crystal, and t h e  satnple slowly 
m e l t s  back s t a r t i n g  a t  the  bottom of: t h e  graphite c a v i t y ,  The melt  
adheres t n  t h e  end  of the  seed crystal and detaches  from the graphite, 
A sphe r i ca l  melt that  fs suspended e t  t h e  end of  the seed crystal i s  
formed i n  the g rad ien t  reg ion ,  D u r i n g  soak, the melt will homogenize; 
i nc lus ioas  will p a r t l y  be accumulated a t  t h e  sur face  oE the  melt  and 
s t a t i s  conditions will be estabTished, During cool down, the seed 
c r y s t a l  w i l l  g r o w  according t o  temperature  g r a d i e n t s  i n t o  the  
rnntaincrless me'lt, and a s i . n g l e  c r y s t a l  w i l l  eventr ia l ly  be fmrmed." 

"Two sets  of c a r t r i d g e s  were proccssed dur ing  Skylab m i s s i n n s  
ST,-3 and S L - 4 .  A l l ,  car t r idges  were r e tu rned  undamaged W i t ;  bo th  
s e t s  cf experiments ,  recommended soak tempgr:at.ure (653 C 5 8 C), 
soak t i m e  (1 Itre), and cool-down rate (0,B C/'min) were met. X-ray 
shadowgraphs of SI,-3 samples taken p r i o r  to opening a re  shown i n  
f fgu re  34. For compawfson, 8 shadowgraph of sample that  was processed 
on t he  ground is shown i n  f i g u r e  35. Samples processed during 81,-4 
mi.ssi.on how similar ~ Z . 1 1 1 0 ~ e t t e ~ ' '  t o  the SI,-3 samples 

b 

"Overal '1 views u f  two r e p r e s e n t a t i v e  samples processed d u r   in^ 
SIJ-3  2nd SI , -4  missi.ons are given i n  Fig. 36 and Fig, 37. P r i o r  t o  
more s o p h i s t i c a t e d  analysis of structural  perfec tLon of the  samples,  
sf.ngle crystallinity could be assessed due t o  the following reasons: 
t l )  As determined by o p t i c a l  r e f l e c t i o n  goniometry,  well-developed 
growth f a c e t s  agree w i t h  the c r y s t a l l o g r a p h i c  symmetry of the samples, 
(2) S i n g l e  crystal Laue diffraction patterns were obtained, ( 3 )  W i t h  
the exception of two samples (El and E 3 ) ,  R O  g ra in  boundary grooving 
corrld b~ observed. Gronvf.ng in the twn samples c o u l d  Eater be r e l a t e d  
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FIGURE 3 4 .  X-RAY SHADOWGMPHS OF SL-3  CARTRIDGES 

FIGUKE 35. X-RAY SHADDIGRAPHS OF GROUND TEST SM4PLE AFTER T H E ' W L  TESTING 



FIGURE 3 6 .  SANPLE PROCESSED DURING SL-3  F L G U F E  37. SAMPLE PROCESSED DURING SL-4 



t o  a twin-boundary pa ra l l e l  t o  Tn: which could be t r a c e d  i n t o  the 
seed;  t h e  s x o n d  twin boundary, appa ren t ly  (211) ,  was i n i t i a t e d  a t  
t he  pe r iphe ry  ~f t he  sample. The gene ra t ion  of t h i s  boundary appears  
t o  be r e l a t e d  t o  oxide specks t h a t  w e r e  accumulated a t  t h e  s u r f a c e  
i n  t h i s  a r ea .  

An E E P  maneuver t h a t  was conducted du r ing  s o l i d i f i c a t i o n  of 
SL3 s a m p l e s  (e-.) appa ren t ly  caused a d i s tu rbance  of  growth t h a t  l e f t  
a d i s t i n c t  r ing-shaped mark on a l l  of t he  SL3 samples ( see  Fig.  3 6 ) *  
This  t i n e  mark i n  conjunct ion with the  time where cool-down was i n i t i a t e d  
al lows de te rmina t ion  o f  an average growch rate as fol lows:  DI: 10.4 
mm/hour, D2:  12.8 mm/hour, E l :  13mm/hour. Since i d e n t i c a l  furnace 
s e t t i n g s  were used on  Szk ,  an average growth r a t e  of  1 2  mm/hour can 
r e a l i s t i c a l l y  be assumed f o r  ST.& samples. 

The general  shape of  t he  c rys ra l  imp l i e s  t h a t  the m e l t  d i d  
adhere t o  the g r a p h i t e  of  t h e  h e a t i n g  c a v i t y  i n s t e a d  of  being f reely 
suspended a t  the end of  the  seed c r y s t a l ,  A teardrop-shaped melt  was, 
t h e r e f o r e ,  formed t h a t  was supported a t  one end of the  seed and t h a t  
was a t t ached  t o  the  bottom of  t h e  h e a t i n g  c a v i t y  a t  t h e  o t h e r  end. 
The small p r o t r u s i o n  a t  t h e  end  of the  c r y s t a l  can be explained by t h e  
f a c t  chat InSb expands by approximately 11% upon s o l i d i f i c a t i o n ;  
d i r e c t i o n a l  s o l i d i f i c a t i o n  would consequently r e s u l t  i n  a small  amount 
of  m e l t  having t o  escape when the s o l i d i f y i n g  c r y s t a l  meets t h e  bottom 
o f  t h e  h e a t i n g  c a v i t y , "  

D i r e c t i o n a l  s o l i d i f i c a t i o n  of  a c o n t a i n e r l e s s  melt t h a t  was 
suspended a t  the end of a seed c r y s t a l  was employed t o  produce s i n g l e  
c r y s t a l s  of InSb dur ing  Skglab missions.  Extremely w e l l  developed 
growth f a c e t s  (110) and (111) a r e  observed. With undoped c r y s t a l s ,  
f a c e r s  and s u b f a c e t s  are f l a t  w i th in  a f e w  hundred 8. 
under s t eady  s t a t e  growth cond i t ions  shows continuous improvement of  
s t r u c t u r a l  p e r f e c t i o n ;  t y p i c a l l y  d i s l o c a t i o n  d e n s i t i e s ,  as r evea led  
by e t c h i n g ,  are reduced by a f a c t o r  of 5 t o  10 over  a d i s t a n c e  of 

i s  homgeneous du r ing  s t eady  s c a t e  growth, 

M a t e r i a l  produced 

1 cm t o  20 - 30 d i s l o c a t i o n s  pe r  crn 2 . Incorpora t ion  of  dopant (seleniurr.) 

"Based  on this i n v e s t i g a t i o n ,  the fol lowing conclusions 
concerning c o n t a i n e r l e s s  p rocess ing  of  s i n g l e  c r y s t a l s  from t he  melt 
i n  l o w  g r a v i t y  environment can be reached: 

(1) 
l e s s  s o l i d i f i c a t i o n ,  For p rocess ing  of h i g h l y  r e a c t i v e  m a t e r i a l s  and 
high me l t ing  temperature m a t e r i a l s ,  the technique desc r ibed  should be 
e s p e c i a l l y  va luab le ;  l a r g e  c r y s t a l s  could be prepared by t h i s  technique 
as we l l .  

Highly p e r f e c t  s i n g l e  c r y s r a l s  can be prepared by seeded, con ta ine r -  
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( a }  Even thaugh dopanr fnknmngeneiti.cs are observed, a l l  indication 
points to essentia1.I.y no-€luid-fl .ow carrdi.tions, Consequently, pro- 
d ~ t c t i o ~  of Iiomngenenuslv doped sictglt. crysta1.s by containerless 
techniques appears  to be feasih1.e." 

13.  M561 Whisker-Keinfg,rced Compasftes_+ 1201 The PI fo r  
Experiment M56L is Dr. T, Kawade, Natlonal. Research I n s t i t u t e  for 
Metal., Tokyo, Japan,  

"The ob jec t  of the  experiment wag t o  ge t  Ag and Sic w h i s k e r  
cornpesikes with h igh  densiry and uniEorm d i s t r i b u t i o n  o f  w h i s k e r s  by 
hpa t inp ,  and pressurizing s fntered prodtrcts above the  melting p a i n t  
o f  Ag in a weightless cnvironinenr:," 

"Comp~site materials o f  metal l ic  matrix reinforced Ry h igh-  
s t r e n g t h  whiskers such as S I C  and AT203 have been a t t r ac t ing  much 
attent:im as promising candidates for: h igh - s t r eng th  mater ia l s .  A t  
p r e s e n t ,  however, the ir  p r a c t i c a l  application has n o t  been r e a l i z e d .  
The g r e a t e a t  tr0ubl.e i n  processing such whisker composite matertals i s  
t h a t  i t  i s  difficult t o  obtain sufficiently hFglt-density material by 
appl.yinp, t h e  usual. powder m e t a l l u r g i c a l  techniques of mixing, compacting 
and s i n t e r i n g .  

A s  for a merhod tn cope w i t h  t h i s  d i f f i c u l t y ,  i t  may he expected 
t h a t  a process B E  melting and pressurizing t h e  metal m a t r i x  i s  efEective 
Eat: r a i s i n g  t h e  tiena5.ty o f  the product i n  processing such materials,  
Unfor tuna te ly ,  there  is a p o s s i b i l i t y  that  the rnlxture might  separet-e 
i n t o  two components, i.et, metal and w h h k e r s ,  as soan a s  the metal 
ma t r ix  F s  melted down, and lose its u n i t y  as a composite m a t e r i a l ,  
hecause the  speciEic grav i ry  of the whisker i s  generally lower t h a n  t h a t  
o f  t h e  m e t a l  r?tatrfx, 

I f  3.n a weightless environment such as on Skylab a metal.- 
whisker composite whlch is prepared by t h e  conventional powder 
metal lurgi .ca1 technique i s  kept i n  a molten s t a t e ,  i t  would be possible 
t o  obtain a homngencoiis C O K I p Q s j t € !  materfa?, becaiise there  Zs no in€luence 
of buuyancc and  thermal  convection i n  a weightless environment, B u t  
h y  the melting process orily, i t  will be impossfble to raise  t he  d e n s i t y  
o f  t h e  composite by removing voj.ds further t h a n  t h a t  of the s i n t e r e d  
s t a . t e ,  Therefore ,  nnr? of  the po5nr.s" of  this  experiment "was l a i d  
f n  a procedure t o  positively remove voids by p r e s s u r f z i n g  the  sample 
during melt ing,"  

" A f t e r  the screening of some materials, s i l v e r  of m,p. 9611°C 
and spccific gravi ty  9 .4  a t  molten s t a t e  was se l ec t ed  as t h e  mat r i x  
arid silicon carbide (Sic) whiskers of spec i f ic  gravety 3 .1  as t h e  
i . e in fo rc ing  mater ia l ,  The particle size of  f i n e  powder of silver used 
Gas u n d e r  0,5um i.n diameter. The Sic whiBkers used were about O.Zurn 
i n  diameter on average and lOum in length ark average," 



ILS iC  whiskers  of 2,  5 ,  and 10 volume Y! were mixed i n  kg powder. 
Before mixing they were coated w i t h  Ag, C y l i n d r i c a l  green samples of  
8mm i n  diameter  and about 35rnm i n  length  were prepared by well mixing 
t h e  whiskers and Ag powder compacting the  mixture i n  a p r e s s ,  
s i n t e r i n g  i t  ai; about 900 C i n  a hydrogen gas atmosphere and f i n a l l y  
ho t -p res s ing  i t  l i g h t l y . "  

0' 

"The ampoule assembly cons i s t ed  o f  a s i l i c a  rube, a g r a p h i t e  
shea th ,  a p i s t o n  r o d  of g raph i t e  and silica and a c o i l e d  s p r i n g  f o r  
p r e s s u r i z i n g  the sample from one end. The s p r i n g  was made of s p e c i a l  
h e a t - r e s i s t a n t  a l l o y ,  The app l i ed  f o r c e  by the  s p r i n g  was ad jus t ed  
t o  abobt 30kg i n  the i n i t i a l  condi r ion  before  melt ing.  The p r e s s u r i z i n g  
mechanism 573s designed so  as t o  crush voids  i n  t he  m a t e r i a l  i n  molten 
s t a t e  by h y d r o s t a t i c  p re s su re  app l i ed  t o  the  sample.'' 

"The samplc ampoule was loaded and sea l ed  i n t o  the c a r t r i d g e  
made of s t a i n l e s s  s t e e l .  Three sample ampoules were s e t  t oge the r  i n  
the  rcul t ipurpose e l e c t r i c  furnace and heat t rea tment  w a s  performed 
under a presc r ibed  c o n d i t i o n , "  

a ,  SL-3 Experiment. "The samples were hea ted  a t  the  
0 naximum h e a t  l e v e l e r  temperature  of 1010 C f o r  about 4 h r s  and then  

cooled i n  t he  switched-off  furnace.  It was e s r i n a r e d  from t h e  r e s u l t s  
of t h e  ground-based tes ts  t h a t  the  measured temperature  was about 20 C 
h ighe r  than  t h a t  a t  the cen te r  of  the sample. Accordingly,  t he  tempera- 
t u r e  of the  samples i s  thought t o  have been kept  above the  mel t ing  
p o i n t  of  Ag f o r  about 5 hrs." 

0 

b. SL-4 Experiment, The samples were hea ted  a t  a h e a t  
0 l e v g l e r  temperature o f  991 C f o r  one hour  and then cooled a t  a r a t e  of 

0.6 C p e r  hour. 

c .  Ground-based experimenc. ".In t h e  ground-based expe r i -  
ment the  sam2les were heated and cooled i n  a furnace  t h a t  was quite 
similar to t h e  nu l t ipu rpose  e l e c t r i c  furnace  on Skylab, The sample 
axes were h e l d  i n  t h e  vertical position and t h e i r  s p r i n g  endsowere 
kept  downward," Thc heat l e v e l e r  temperature  was he ld  a t  990 C 
f o r  2.5 hours  and the samples p a s s i v e l y  cooled i n  t h e  switched-off 
furnace .  

"The products  processed on Skylab and on  t h e  ground were 
subjected t o  comparative evaluation and the following conclusions 
were obta ined:  

1) An i n c r e a s e  i n  the  d e n s i t y  r a t i o  was obta ined  by mel t ing  and 
p res su r i z ing .  The degree of i n c r e a s e  was approximately t h e  same for 
the  Skylab and the  GBT samples. 
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2) F l o a t i n g  and coagular ion o f  whiskers were ahserved a t  the  upside 
end of  the GRT sarnp1.e~. 
the d i s t r l b u t i o n  d e n s i t y  of whiskers towards t h e  tlpsl.de end, 
phenomena were observed fox Skylab eampl e$.  

'Ehe GBT samples showed a decreasing tendency i n  
No such  

3)  The microhardness fifes generaLXy smal le r  f o r  t he  GBT samples than 
for the Sk.ylab samples and showed large f l u c t u a t i o n s  along the  ax ia l  
direction as compared with the  Skylab samplps,  

4 )  
of buoyancy and thermal convaction in the melted GRT samples, white  
the Skylab samples were devoid o €  such i n f l u e n c e  s ince  they were 
processed in a wPightless  envi-ronrnent." (See f igures 38 and 3 9 ) .  

The above r e su l t s  arc considered To i n d i c a t e  c l e a r l y  the  i n f l u e n c e  

14, ---_ Et62 Indium An$irnonidr Crystal. Growth. l21.1 The P I S  for 
Experimenr M562 are Dr, H . C .  - C a t o s  and-Dr. A.F.  W i t t ,  Massachusetts 
I n s t i t r i t e  of Techology, Carnbrfdge, Massachuse t rs ,  

"The ob jec t ives  oE growirig Te-doped I n S b  i n  Skylab were. t o  
cortfirm the advantages of zero-gravi ty  environment ,  t o  0btai .n basic 
d a t a  on solidification, atid t o  explore t h e  feasibility of electronic 
m a t e r i a l s  p rocess ing  in o u t e r  space, Thus, t he  experiment: was 
designed t o  achieve d i f f u s i o n - c o n t r o l ~ P d ,  steady-state s o l i d i f i c a t i o n  
and t:n Investigate the  a s s o c i a t e d  growth segregation behavior  an a 
micro& and rnacro-scaLeo D i r e c t  comparison of  growth and seg rega t ion  
on part-h and i n  space was t o  be achi~eved by melting and r e so I id ; . fy ing  
Ln space a portion of  each c r y s t a l  grown on ea r th , "  

"St-rirctural and  cornposi.tiona1 control. d u r i n g  soT.idi f i c n t i o n  
o €  m a t e r i a l s  i s  impeded by gravity-i.nduced e f f ec t s  i n  t h e  melt. Thermal 
g r a d i e n t s  necessary f o r  crystal growth l ead,  i n  t h e  presence: Q E  
gravi t a t ia r~a l .  Eorces, t o  thermal convection which i n  general  causes  
uncontrolled v a r i a t i o n s  i n  t h e  s o l i d i f i c a t i o n  r a t e  and i n  d i f f u s i o n  
borindary l aye r  thickness; such v a r i a t i o n s  lead direct-1.y to periodic 
andlor  random microscopic and macroscopic segrega t ion  inhomogeneities.  
Furthermore,  i n  t h o  preeence of gravity,  establishing steep thermal 
g r a d i e n t s ,  o f t e n  r equ i r ed  to prevent c o n s t i t u t i o n a l  supercool ing ,  5s 
i.mpossibSe and consequently interface breakdown is unavoidab1.e. 

G r a v i t y  e f f e c t s  are, rhus, p r i m a r i l y  responsib1.e f o r  the present 
lack of  reliable s o l i d i f i c a t i o n  data and t h e  existing gap between 
theory  and experiment,  Consequently, crystal growth and a s s o c i a t e d  
seg rcga t ion  phenomena are st i l l  based on empiricism, and the properties 
arid performance of s o l i d s  are no t  at: t h e i r  theoretical Limits," 

"The experiments  performed during the Skylab-111 and -IY 
missions i n c t u d e d  t h e  
"and t in-doped" (h.IOZ8/,&3) t f indium anttmonide 
i s  concerned primarily with results obtained tm tellurium-doped InSb,'r 

tawth a €  undoped, eelI.urfurn-doped," (h1018/cm3) 
The present: report 

http://tlpsl.de
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FIGURE 38.  MICROSTRUCTURE OF SL-3 SAWLES 



. .  

FIGIRE 39. FLCROSTIiUCTUIiE OF SL-4 SAN€'LLES 
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"Skvlab-111 Mission E-xperiment: The sar?;ples were i n s e r t e d  
i n t o  the  multipurpose furcace and back-xielting was i a i a t e d  by t u r n i n g  
on t h e  power. The d e s i r e d  back-melting was achieved i n  120 minutes. 
Then the  system was kept a t  temperature  f o r  a per iod  of 60 minutes 
(soaking period), t o  achieve thermal equ i l ib r ium i n  t h e  system and 
homogenization o f  the melts .  
min was e s t a b l i s h e d  by c o n t r o l l e d  power r educ t ion  a t  i n t e r v a l s  of 
14.4 sec .  
turned off and passive c o o l i n g  to  the  ambient temperature rook place."  

Subsequently,  a coo l ing  ra te  of 1.17°C/ 

Four hours  a f t e r  i n i t i a t i o n  o f  regrowth the power was 

"Skylab-LV Mission Experiment: The r eme l t ing  and thermal 
s o a k i n g  procedure was i d e n t i c a l  w i t h  that of the  Skylab-111 experiment. 
Bowever, i n  t h i s  ( e * * ]  experiment che growth system was s u b j e c t e d  to 
a mechanical shock by s t r i k i n g  t h e  furnace assembly a t  a predetermined 
t i m e ;  fur thermore,  t he  cons t an t  cooling rate of  1 .17  C/min was 
i n t e r r u p t e d  140 minutes a f t e r  i n i t i a t i o n  o f  regrowth and a second thermal 
soaking p e r i o d  of 60 minutes was i n t roduced  by maintaining t h e  furnace 
power a t  a cons tan t  l e v e l .  
the system was allowed t o  reach ambient temperature.  ( = * + )  These 
changes in the  growth procedure were intended t o  provide time r e f e r e n c e  
narkings i n  t h e  c r y s t a l  and t o  o b t a i n  data on t h e  dependence o f  t r a n s i e n t  
s e g r e g a t i o n  on growth r a t e . "  

o 

The power was subsequent ly  turned o f f  and 

"The p r e s e n t  InSb experiment: proves unambiguously the  uniqueness 
of ze ro -g rav i ty  c o n d i t i o n s  f o r  o b t a i n i n g  d i r e c t l y  fundamental d a t a  on 
c r y s t a l  growth ar,d s e g r e g a t i o n  a s s o c i a t e d  wi th  s o l i d i f i c a t i o n .  Fu r the r -  
more they  demonstrate t he  s t r i k i n g  advantages of p rocess ing  materials 
i n  space. 

S p e c i f i c a l l y  the f o l l o w i n g  r e s u l t s  and conclusions were ob ta ined  
fo r  the  f i r s t  rime: 

I d e a l  s t eady  state growth and segregat ion ( e x c l u s i v e l y  d i f f u s i o n  
controlled) were achteved l e a d i n g  t o  three-dimensional chemical 
homgene i ty  on a microscale over  macro-scale dimensions (several .  
cen t ime te r s  i n  t h e  p r e s e n t  case)"  (See f i g u r e  40) ;  "the t r a n s i e n t  
s e g r e g a t i o n  p r o f i l e  preceeding s t eady  state s o l i d i f i c a t i o n  w a s  
determined; l i m i t a t i o n s  i n  t h e  experimental  arrangement and i n  the 
p r e s e n t l y  a v a i l a b l e  m i c r o a n a l y t i c a l  techniques do not permit ,  at. t h i s  
t i m e ,  the e x t r a c t i o n  of fundamental d a t a  p e r r i n e n t  t o  s o l i d i f i c a t i o n .  

Surface t e n s i o n  e f f e c t s  led t o  phenomena p rev ious ly  never 
observed and t h e o r e t i c a l l y  not  p red ic t ed :  the Te-doped me l t ,  n o t  
w e t t i n g  t h e  qua r t z  wail, s o l i d i f i e d  with a free s u r f a c e  (unconfined) 
conf igu ra t ion"  (See f i g u r e s  41 and 4 2 ) .  Wnder  forced con tac t  
c o n d i t i o n s ,  i n t i m a t e  contact between th2 melt and the conf in ing  wal l s  
w a s  prevented and the growth system was e s s e n t i a l l y  i s o l a t e d  f r o 2  i t s  
c o n t a i n e r  by the  formation of narrow s u r f a c e  r i d g e s .  It was also shown 
that  s u r f a c e  t e n s i o n  e f f e c t s  i n  space remained l o c a l i z e d  on t h e  s u r f a c e  
and  d i d  not  e f f e c t  growth and s e g r e g a t i o n  i n  t h e  bulk,  
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FLGUFE 40 .  CRYSTALLEI: IIOMOGENLITY L>lPROVC~ENT-- - 
ETCIILD CROSS - SLCTION 
LLLUMIUTION) OF CKYSTAL GROWN DURING 
SKYLAB-IV l"iISS1ON; SPACE Gl<O\\% REGION 
(BOTTOM), 

(UR'DER DL~KK-F ICED 

19 CONTUST TO EAK'L'H GROh'N 
K t G 1 0 N  {TUP}, E,XHIBITS NO COHPUSITIONAL 
INHOMOGENEITIES; 12x. 

F I G U U  41.  SL-3 FEGE SUWACK CONFIGURATION--- 
PART OF THE Te-DOPED CRYSTAL, GKOh'N RURJNG 
S K Y L A B - 1 1 1  NISSEOiL', 3.7 PO 5.9 cm FROM THE 
I N I T I A L  REGROWTH IKTERFACE. SURFACE RIDGES 

GROWTH (RIGHT -HAND SIDE) ; 6 . 8 ~ ,  
BROADEN AND BRrZ[U'C:H-OUT AT THE U T E  STAGES OF 
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I n  the absence of convect ive i n t e r f e r e n c e  i t  vas p o s s i b l e  
t o  i d e n t i f y  seg rega t ion  d i s c o n t i n u i t i e s  a s s o c i a t e d  with f a c e t  growth 
and t o  explain t h e i r  origin on t h e  b a s i s  of spu r ious  nuc laa t ion .  
The absence of convect ive i n t e r f e r e n c e  permitted, f u r t h e r ,  the 
determinat ion of t he  mode of n u c l e a t i o n  (formation of miso r i en ted  
n u c l e i  a t  the t h r e e  phase boundary l i n e )  and propagat ion of r o t a t i o n a l  
twinning. 

A mechanical-shock p e r t u r b a t i o n  i n t e n t i o n a l l y  introduced 
du r ing  growth was i d e n t i f i e d  i n  the c r y s t a l  and found t o  cause a 
l o c a l i z e d  i n c r e a s e  i n  dopant s eg rega t ion ;  t h i s  dopant d i s c o n t i n u i t y  
was used as a time r e f e r e n c e  fo r  the  de t e rmina t ion  o f  t he  average 
macroscopic growth r a t e "  (See f i g u r e  4 3 ) .  

"On t h e  b a s i s  of  rhe p re sen t  r e s u l t s  i t  i s  no longer  a ma t t e r  
of s p e c u l a t i o n  t h a t  fundamental d a t a  necessary f o r  b r i d g i n g  the  gap 
between theory and experiment can be reliably ob ta ined  i n  the absence 
o f  g r a v i t y  and  t h a t  o u t e r  space p r e s e n t s  one of  the g r e a t e s t  oppor- 
t u n i t i e s  ever a f fo rded  s c i e n c e  and technologyo" 

15,  a 6 3  Mixed 1 x 1 - V  C r y s t a l  Growth, [ 22 ]  The P I  f o r  Experiment 
E363 i s  Dr. W. Wilcox of USC. The o b j e c t i v e  of  t h i s  experiment was - 
to determine how we igh t l e s sness  a f f e c t s  d i r e c t i o n a l  s o l i d i f i c a t i o n  o f  
S ina ry  semiconductor a l l o y s  and, i f  s i n g l e  c r y s t a l s  a r e  ob ta ined ,  t o  
determine how t h e i r  semiconducting p r o p e r t i e s  depend on a l l o y  
composition. 

"Although a wide v a r i e t y  of semiconductor compounds are avail-  
able, t h e  s e l e c t i o n  of  e l e c t r o n i c  and o t h e r  p h y s i c a l  p rope r ty  cornbfna- 
t i o n s  is l i m i t e d .  The range of  a v a i l a b l e  p rope r ty  combinations becomes 
much l a r g e r  i f  one cons ide r s  s o l i d  s o l u t i o n  a l l o y s .  For example, 
t he  2 l e c t r o n i c  p r o p e r t i e s  o f  InSb-GaSb alloys are such t h a t  Gunn 
microwave o s c i l l a t i o n  can be observed with some compositions,  bu t  not 
in pure ZnSb o r  GaSb ( a ) *  Unfortunately,  l a r g e  homogeneous s i n g l e  
c r y s t a l s  o f  concen t r a t ed  a l l o y s  are not produced. Films of many 
alloys can be produced by chemical vapor d e p o s i t i o n  o r  by l i q u i d  
phase e p i t a x y ,  but. many a p p l i c a t i o n s  r e q u i r e  bulk  s i n g l e  c r y s t a l s ,  

D i r e c t i o n a l  s o l i d i f i c a t i o n  of concen t r a t ed  a l l o y  semiconductors 
produces a p o l y c r y s t a l l i n e  m a t e r i a l .  Homogeneous p o l y c r y s t a l l i n e  
ingo t s  may be produced by very S10t. l  zone l e v e l i n g  e i t h e r  w i th  o r  
withaut a s o l v e n t  added, under c o n d i t i o n s  such t h a t  i n t e r f a c e  breakdown 
due  to c o n s t i t u t i o n a l  supe rcoo l ing  i s  avoided, One may s p e c u l a t e  
ghat. g r a i n s  a r e  generated by the  composi t ional  v a r i a t i o n s  a r i s i n g  
fro-  hydrodynamic f l u c t u a t i o n s  i n  t h e  melt. I n  o r d e r  t o  tes t  this 
sugges t ion ,  directional s o l i d i f i c a t i o n  experiments were performed on 
InSb-Gas3 alloys.  These w e r e  c a r r i e d  ou t  on t h e  e a r t h  i n  vertical 
and horizontal p o s i t i o n s ,  with and w i t h o u t  a magnetlc f i e l d ,  and i n  
SliyZab.'' "Mixtures i n i t i a l l y  c o n t a i n i n g  lo%, 30% and 50% InSb were 
employed. 
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I 
FIGURE 4 2 .  S L - 4  FREE SURFACE CONFIGURATION--- 

Te-DOPED CRYSTAL, GROWN DURING THE S K Y L I B - I V  
P l I S S I U K ;  NOTE DECREASE IN CRYSTAL DLAMETEK 
UPON I X I T I A T I O N  OF GROWTH; SURFACE RIDGES 
APPEAR ON RIGHT-HAND S I D E  M T E R  CRYSTAL 
DLWETEK REACHES ITS  E%YIT”IuM CONSTANT VALUE ; 
4.8x. 

F I G U W  4 3 .  INTENTIONAL CRYSTAL GROWTH DISCONTIEULTY - - - 
DOUBLE BEAM INTEIWEROGRAMS OF SEGREGATION 
D I S C O N T I N U I T I E S  AS REVEALED BY ETCHING (a) 
CAUSED BY M E C W I C A L  SHOCK AND (b) CAUSED 
BY REGROWTH AFTER THEKPWL SOAKING. 
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Cast i n g o t s  of  the mixtures were prepared (See figures 44 
and 45)  and i n s t a l l c d  i n t o  carbon-coated 8mm I.D. s i l i c o n  ampoules. 
The ampoules were evacuated and l o c k f i l l c d  with 10 t o r r  of  helium 
p r i o r  t o  s e a l i n g ,  and were then s e a l e d  i n  s r a i n l e s s  s t e e l  c a r t r i d g e s  
under a vacuum of  5 lom4 t o r r ,  

"Three c a r t r i d g e s  were processed s imultaneously i n  each run. 
A s  shown i n  Table  VIII, t h r e e  samplas were processed v e r t i c a l l y  with 
the h e a t e r  on LOP? t h r e e  h o r i z o n t a l l y ,  t h r e e  on rhe second Skylab 
mission,  and t h r e e  on t h e  las t  Skylab n i s s i o n .  Power was a p p l i e d  
so t h a t  the h e a t e r  w a s  a t  960°C o r  1O2O0C. 
of sonewhat over half of each ingot .  A f t e r  soaking f o r  16 hours t o  
al low homogenization t o  occur ,  d i r e c t i o n a l  s o l i d i € i c a t i o n  was 
accomplished by p r o g r a m i n g  down the  h e a t e r  tempcrature a t  0 , 6  C 
p e r  minute. Th i s  resultsed in a s t e a d i l y  i n c r e a s i n g  f r e e z i n g  r a r e  
s i n c e  t h e  temperature g r a d i e n t  decreased as s o l i d i f i c a t i o n  proceeded. 
When the s o l i d - l i q u i d  i n t e r f a c e  moved wi th in  t h e  h e a t e r ,  t he  f r e e z i n g  
r a t e  i nc reased  r a p i d l y  because of the low temperature  gradient t h e r e . "  

This  r e s u l t e d  i n  me l t ing  

0 

' 'Several  i n t e r e s t i n g  e f f ec t s  of g r a v i t y  were r evea led  by these  
experiments ,  The c o n c e n t r a t i o n  p r o f i l e s  and t h e  compositional homo- 
g e n e i t y  were both s t r o n g l y  in f luenced  by t h e  magnitude and d i r e c t i o n  
of g ,  as expected from free convection e f f e c t s ,  The l a c k  of convect ive 
s t i r r i n g  i n  space-processing l e a d s  to a s i g n i f i c a n t  i n i r i a l  composi- 
t i o n a l  t r a n s i e n t  which cannot be e n t i r e l y  avoided, a l though i t  c a n  
be  g r e a t l y  reduced by lowering t h e  f r e e z i n g  r a t e .  A lower f r e e z i n g  
ra te  would a lso avoid composi t ional  inhomogeneities due t o  c o n s t i t u t i o n a l  
supercool ing,  Production of a homogeneous ingot would probably e l imin -  
a t e  cracking.  

The most e x c i t i n g  development w a s  t he  g r e a t  r e d u c t i o n  i n  twin- 
n ing  brought about  by space processing' '  (See f i g u r e s  46 and 4 7 ) ,  
"Since the cause of growth twinning i s  no t  r e a l l y  known, we can only 
specu la t e  that f o r e i g n  p a r t i c l e s  are responsible and t h a t  t hese  
i n t e r a c t  more f r e q u e n t l y  with the  growing i n t e r f a c e  when convect ion 
i s  p r e s e n t .  

The i n g o t s  processed i n  SL-3 had a smaller diamerer than t h e  
tube.  Apparently the melt  d i d  n o t  wet the carbon coa t ing .  Surface 
tension dec reases  wi th  i n c r e a s i n g  texperature, and t h e  temperature  
inc reased  wi th  d i s t a n c e  from the  i n t e r f a c e  dobm t h e  melt. T h i s  w ~ u l d  
have forced t h e  melt t o  c o n t r a c t  nea r  the i n t e r f a c e  and t o  expand 
aE che hot  end. Those processed i n  SL-4 had t h e  same diameter  a s  
the tube.  The o n l y  d i f f e r e n c e  between t h e s e  two r u n s  was t h a t  the 
h e a t e r  temperature was h i g h e r  i n  SL-4. Since t h e  compositions were 
the  same, the  i n t e r f a c e  temperatures  were rhe same, al though t h e  
p o r t i o n  of t he  m e l t  i n  the h e a t e r  would  have been ho t t e r  i n  SL-4. 
We can only s p c c u l a t e  that t h i s  h i g h e r  temperature  caused t h e  melt  
t o  f i r s t  wet the tube wall and then t o  spread down t o  t h e  i n t e r f a c e .  
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'TABLE V I I  I SIMMARY OF NASA EXPERIPIENTS 

r----------- t 

8 .5 i27 .5  = 0.31 3.5 

Sb 678 960 10,0/26,0 = 0.38 4 .2  18' 

138 7013 960 16' 12.0/24,0 = 0.50 3.7 zc I%. 1 %. 9 

-I Hor-IrontdI ly Processed 

Sb 678 960 17" 14,0/22.U 0.64 4.6 

Sb 700 960 6" 8.5/27,5 = 0.31 4.0 
48 Ino. 3%. 7 

4c %. 1%.9 

Sb 646 960 3A %I. 5%. 5 

d, - Sky1 ab (St-3) Processed 

Sb 646 960 

Sb 67% 960 
2A I%* 5%. 5 

*n0.3Ga0,7 

15.7/19.3 = 0-87 4,4 

19.1/16,9 = 1.13 4.0 

w LI I '  *?ab (S l -4 )  Processed, 

Sb 646 I020 5A I"0. sGa0. 5 t0.1/25.9 = 0.39 4 . 7  

Sb 678 1020 15.0/21.Q * 0.71 4.5 2B I%. 3Ga0,-/ 
Sb 700 1020 1'1.3/24.7 = 0.46 4,2 3c I%. IGaQ,S 

r n  min. 
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FIGURE 44. PHOTOGRAPH OF CASTING 

In0.  gGaO. 7Sb 

FIGURE 45. PllOTOGKAPHS OF CAST INGOTS 
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FIGCRE 47, SL-4  INGOTS 
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A wide var fe ty  of  g r a i n  s i z e s  was observed, but: w i t b  no t r e n d  
yet observed, S a d l y ,  t h e r e  appears to be no large advanrage t o  apace 
ptcrcessing of a l l o y s  from thfs standpoint. 

The preferred gwafn orlentation was (111) I n  311 cases. 

We have no cxplanatian for the great d i f f j . c u l t y  i n  d i s t i n g u i s h -  
i n g  grains in t h e  space-prucessed ingots. 

Gas h u b h l e s  were mate u n i f o r m l y  d l  s tr ibuted in the space- 
processed  ingo t s ,  bu t  t h i s  i s  n o t  significant since they can he 
avoided ~nttrely by s o l i d i f i c a t i o n  i n  a reasonable V ~ C I ~ U ~  (3 )  ," 

16. M564 I la l ide  Eutectics, 1231 The Pf: f o r  Experiment M564 
is Dt, A . S ,  Yeu, University of C n l i f o r n f a ,  b s  Angeles, California. 

"When ceresin binary t?i.ieectic mixtures  sol . idPfy,  one o f  t he  

For example, when a eutectic 3.iquld of NaCl and NaF s o l i d i f i e s ,  
two phases c,an form f ibers  o r  platelets i n  a m a t r i x  of the second 
phase ,  
f ibers  of NaF form f.n R matr ix  O F  NaCl, 

Fiber1.ik.e and p1 .a t e l i . k~  eutectics produced on e a r t h  arc l i m i t e d  
i n  pe r f ec t ion  by the presetwe o f  a banded strrictnre, ( * a m $  discontinuity, 
( * * e )  and f a u l t s  ( - * * >  due, at: least in part ,  t o  v i b r a t i o n  and convect ion 
e m r e n t s  i n  t h e  m e l t  d u r i n g  s o l i d i f i c a t i o n .  The presence of these 
defects  renders the solid-state eutec t i c  devices € n e f f i c i m t  and u s e l e s s  
( * m u ) .  

If the  s o l i d i f i c a t f o n  process i s  performed in a space environ- 
ment, where t h e r e  is no v i b r a t i o n  and convection current i n  the mel t ,  
t h a r e  i s  reason t o  b e l i e v e  t h a t  cont inuous f iber l . ike  eutec t ic  micro- 
structures can be produced. The electric, thermomagnetic, o p t i c a l ,  
and superconduct ing characteristics of such Eihers will be s t r o n g l y  
a n i s o t r o p i c ,  and this will make possible varirrus exc i t fng  device 
app l i ca t ions , "  

The purposes of  this experiment are to  prepare,  i n  a space 
wtvironment,  fiberlike NACl-NaF eutectic with cont inuous NaF fibers 
embedded i.n a WaCl mat r ix  and t o  examine the eutectic m i c r o s t r u c t u r e ,  
and to measure t h e  relevant opt ica l  properties of t h e  space-grown 
arid e8rtlh-grown e u t e c t i c s ,  

"Experimental studies have been carried out at I ICU to acquire 
a l l .  poseible knowledge of the solidification process of the  isutectic 
mixture involved, short of duing the space experiments themselves. 
Calcu la t ions  and des ign of equipment have bean followed by a program 
of solidificatFons a t  various rates and with various temperature 
gradients at the 3,nterEace. 



The o b j e c t i v e  of t h e  ear th-based s t u d i e s  i s  t o  maximize t h e  
likelihood of success  of  t he  space experiments.  

Ingo t s  of NaCl-gaF e u t e c t i c s ,  0,31 inch i n  diameter and 2.5  
inches l o n g  have been grown un id i r ec t ionz t l l y  on e a r t h  and i n  the  Skylab 
i n  a multipurpose furnace a t  one f r e e z i n g  r a t e  and a s t e e p  temperature 
gradient ."  t ' I c  was found t h a t  continuous and d i scon t inuous  NaF 
f i b e r s  were  embedded i n  a NaCl. mat r ix  from i n g o t s  grown i n  space and 
on e a r t h ,  r e s p e c t i v e l y .  The product ion of continuous f i b e r s  i n  a 
e u t e c t i c  mixture w a s  a t t r i b u t e d  t o  t h e  absence of  convect ion c u r r e n t  
i n  t he  l i q u i d  du r ing  s o l i d i f i c a t i o n . "  (See f i g u r e  48) 

'Wacroscopic and microscopic examination on l o n g i t u d i n a l  and 
t r a n s v a r s e  s e c t i o n s  of space-grown and earth-grown ingo t s  were made. 
It was found t h a t  du r ing  the m a j o r  p o r t i o n  of t h e  space s o l i d i f i c a t i o n  
process,  t h e  NaF f i b e r s  were a l i g n e d  with the  ingo t  axis. However, 
they were normal to i t  dur ing  t h e  ve ry  beginning of  t h e  s o l i d i f i c a t i o n  
process .  This  i n d i c a t e d  t h a t  the d i r e c t i o n  of heat f low was perpendicular  
t o  t h e  i n g o t  axis.  The b e s t  m i c r o s t r u c t u r e s  were obtained from i n g o t s  
g r o w  i n  space." (See f i g u r e  49) 'tThese m i c r o s t r u c t u r e s  were coinpared 
wi th  those produced on e a r t h  wi th  and without  convection cu r ren t  i n  
t h e  l i q u i d  du r ing  growth. 

Optical. t r ansmi t t ance  measurements of t r a n s v e r s e  and l o n g i t u d i n a l  
s e c t i o n s  of t h e  space-grown and earth-grown i n g o t s  were car r ied  ou t  
with a p o l a r i z e r  i n  a Perkin E l m e r  Spectrometer,  It was found cha t  
f o r  a given sample t h i c k n e s s ,  the h i g h e s t  percentage of t r ansmi t f ance  
w a s  o b t a i n e d  from i n g o t s  grown i n  space.  The e f f e c t  of sample th i ckness  
on transmittance was i n v e s t i g a t e d .  It was found t h a t  the t h i n n e r  t h e  
sample, t he  h i g h e r  the t r ansmi t t ance  over  a range of wavelengths,  
i n  agreement wi th  t he  genera l  o p t i c a l  p rope r ty  of  t r a n s p a r e n t  materials 
exposed t o  e l ee t r cmagne t i c  waves." 

1 7 .  M565 Silver Grids Melted I n  Space, [241 The PI for 
Experiment Xi65 i s  D r .  A, Dcruy t t e re ,  Kathol icke U n i v e r s i t e c t  o f  
Lewer ,  Leuver, Belgium. 

"Some produc t s  made by powder and fibre meta l lu rgy  are i n t e n -  
t i o n a l l y  porous, e.g., s e l f - l u b r i c a t i n g  b e a r h g s ,  f i l r e r s  and damping 
dev ic s s .  hihen a high p o r o s i t y  i s  d e s i r e d ,  t he  necessary  cohesion o f  
the m a t e r i a l  can on ly  be obtained through s o l i d  phase s i n t e r i n g ,  as 
a ~ y  s u b s t a n t i a l  me l t ing  would cause a r a p i d  c o l l a p s e  of t he  porous 
s t r u c t u r s .  Eiowever, t h i s  may no longer  happen when t h e  me l t ing  i s  
done i n  w e i g h t l e s s  cond i t ion .  The m e l t i n g  of  a porous m a t e r i a l  i n  
space may produce a porous p a r r  i n  which s i z e ,  shape and d i s t r i b u t i o n  
of  t h e  pores are d i f f e r e n t  from those obtainable on earth by c l a s s i c a l  
powder metallurgy. Hence, some p r o p e r t i e s  of t h e  n a t e r i a l ,  such as 
s t r e n g t h  o r  f i l t e r i n g  c h a r a c t e r i s t i c s ,  may a l so  be d i f f e r e n t  from 



FIGUm 48,  CONTINUOUS SODIUM FLUORIDE FIBERS 

FIGURE 49. SODIUM FLUORIDE FIBERS 
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those thali: have been ob ta ined  s o  far .  Knowledge gained through melt ing 
and r e s o i i d i f y i n g  experiments on porous material i n  space, may there- 
fore promote the development of new m a t e r i a l s  o r  t h e  development of  
space t s chn iques ,  e.g . ,  r e p a i r i n g  porous spacecraf t  p a r t s  by welding 
i n  space.”  

“Silver was C ~ Q S E X I  as the experimental  material because i t  i s  
a r y p i c a l  m e t a l ,  r e a d i l y  available w i t h  high p u r i t y ,  f a i r l x  unexpensivs,  
easy t o  r o l l  and draw, a d  me l t ing  a t  a temperacure (961.9 C) below 
t h e  maxirr,urn a v a i l a b l e  temperature o f  1000 C. The s i l v e r  was of 99.999% 
grade ( e l e c t r a l y t i c  s i l v e r  melted under  hydrogen in g r a p h i t e  crucible). 

0 

The ampoules were loaded as follows: 

Ampoule A (..n} conrained 8 s i lver  d i s c s  o f  14 mm diameter and 0.1 mm 
th i ckness  i n  which. one or  more holes had been spa rk  cur o r  d r i l l e d  
as follows, when c o u n t i n g  from the h o t  end o f  ehe ampoule: 

P8: 1 c e n t r a l  hexagonal ho le  o f  3.5 mm s i d e  
P7: Z c e n t r a l  hexagonal ho le  of 3.5 mm s i d e  
P6: 1 central  square h o l e  of 1. mm s ide  
PS: 4 square holes of 1 rnm s i d e  and 4 . 4  inm apar t  
P 4 :  9 round h o l e s  of I mm diameter  and 3 . 2  mm apa r t  
P3: 21 round ho le s  o f  1 n m  diameter and 1.6 m~ apa r t  
P2: 14 round holes of 2 mm diameter  and 0.8 rnm a p a r t  
P1: 21 r o m d  holes of  2 mm diameter and 0.4 mm apar t  

The silver discs  were held a p a r t  by s i l i c a  r i n g  space r s  and, 
i n  o r d e r  t o  avoid mixing of t h e  melt ing products  from d i f f e ren t .  discs, 
tile s i l i c a  ampoule w a s  d iv ided  i n  compartments by s t a i n l e s s  s tee l  
g r i d s .  The silica ampoules were s e a l e d  under a vacuurn of about 
mm Xg. Before s e a l i n g  they were hea ted  for  one hour a t  350 C i n  t h e  
same vacuum i n  order t o  decompose any kg20 presen t .  

0 

Ampor;le 3 had e x a c t l y  t h e  same load as ampoule A, except  t h a t  
the  d i s c s  had a tIi ickness of 0.5 mm. 

Ampoule C ( - - - )  contained a s i n g l e  sample made of  s i l v e r  f i b r e s  

2 

of O,?; mz~ diameter  and 10-15 mm l ength .  The f ibres  had been poured 
as randomly as p o s s i b l e  i n t o  a c y l i n d r i c a l  d i e ,  compressed into a d i s c  
of about 4 rnm high and 50 mn diameter  (maximum pres su re  about  10 k g / m  ) +  

The d i s c  was s i n r e r e d  i n  hydrogen f o r  two hours a t  900 C,  From this 
d i s c  a p r i s m  was c u t  t o  dimensions 40 x 14 x 4 mm. The porosity 
was 30% f o r  the Skylab sample and 33% f o r  the ground based t e s t  
s amp l e .  I t  

0 
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The c a r t r i d g e s  which conr.aiined the ampoules were designed 
‘‘m.tch as to provide a m a l l  ternperatu.re g r a d i e n t  i n  the hot  zone. 
The purpose was that a p a r t  of  the  samples  would not  melt. T h i s  
a p p a r e d  t o  be the only  way t o  be s11re t h a t  t h e  temperature had not 
exceeded too much the mcl.ting tvmperature,  as the a c t u a l  temperature 
of the samples could no t  be measwad. Moreover, a vary ing  temperature 
might y i e l d  a d d i t i o n a l  informatlionr‘t The M518 Furnace was  hea t ed  t o  
I035 C i n  3% hours and remained f o r  1 hour at t h e  maximum temperature  
a t  which time the power was turned o f f .  The i n i t i a l  passlve. cooling 
rate’was 38 C: for the f irs t  f i v e  minrrres. 

0 

Q 

“The examinati-on and study of the experimental  r e s u l t s  i s  
n o t  y e t  f i n i s h e d ,  Some $amplea, such as the A series ( t h i n  plates), 
have s t i l l .  to be examined i n  d e t a i l .  The presence and d i s t r i b u t i o n  
of i m p u r f t l e s  i n  a l l  specinens has r.n be checked. 
made to  c a l c u l a t e  t h e o r e t i c a l l y  the shape of the v a r i o u s  epecimens 
a f t e r  me1 king and 5al.idi.f ication, Moreover, o the r  experiments should 
h e  performed, Therefore,  the fol.ltming conclusi.orzs a r e  o n l y  provlsional: 

hn attempt i s  being 

Most of  t h e  ori.gi.na1 p o r o s i t y  in the samples has dfsappeared 
dirring tfie me:l.t:ing stage.” (See f i g u r e s  50 ,  5 3  and 52)  This tias 
hpen f a v o w e d  hy t.he f a c t  t h a t  tfie pores  were of the open type,  by the  
presence of a temperature g r a d i e n t  and by the l o w  p re s su re ,  It should 
l x  poss ib l e  t:n 0hrai.n a more parous product wbeii s t a r t i n g  From a 
a a t e r i . a l  with gas f i l l e d  closed pares, and if the s t a y  above the 
melting poin t :  is not long  enough t o  allow the pores t o  coal.esce and 
to  migrate t o  the  Eree surface by d i f f u s i o n  and s u r f a c e  t e n s i o n  induced 
C O ~ V ~ C ~ ~ C J T I ,  Even with samples with open pores such as those used i n  
the p re sec t  i n v e s t i g a t i o n ,  the o b t e n t i o n  of a puvous product  might be 
possible i f  the  hea t  i n p u t  was the same on a l l  s i d e s  of the  specimen 
80 t h a t  a r m l t e n  surface l a y e r  would enclose the s t i l l  rinrnelted 
matari.al., As regards t he  way i n  which the geometry o f  R porous 
speeimerr ( e . g , ,  a grid)  changes w i t h  time on melt ing i n  we igh t l e s s  
condit: Jon, one should perform exper€menrs u s i n g  l e v i t a t i o n  mel t ing  
and high speed image record ing .  

The experiment has shown t h a t  the  shape” {See f i g u r e  53) ‘!and 
surfaw cond i t ion  rrf a sample melted and s o l i d i f f e d  i n  space i s  not; only 
dett~rmi.tied by surface t e n s i o n :  shr inkage may cause the formation of a 
pipe” (See figi.tre 5 l 4 )  “and c o n s t i t u t i o n a l  supercool ing ,  caused by 
i m p u w i  t i e s ,  may resul t  i n  a cellular mbs t ruc rm-e”  (See f i g u r e .  55) 

These d i s t u r b i n g  
f n r t c? rs  might. he  reduced by modifying the  thermal cond i t ions  and by 
increasing t he  pu.ri.ty Q E  t h e  metal 01 avoiding any contamination. 

l e & i n g  tn  a network of grooves on the surface, 

The Leveling our of c o n c e n t r a t i o n  gradients, as may be caused 
by plckciy uf t he  impurities at the stirface, appears t o  be slow i n  the 
rncs1.ten metaL whefi gravity induced eonvectfon is absent, 
the  ac t ton  of d i € f u s i o n  m d  D E  G O I I V ~ C ~ ~ . O ~  due t o  variations i n  surface 
t t?gs Lon, appears eo b e  S~O‘GJ.  

Therefore 
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FIGURE S O .  S I D E  VIEWS OF SKYLAB-TESTED FIBRE SPECIMENS 
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FIGURE 5 1. SECTIONED SAHRLES 
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FIGURE 52. POLISHED SECTION THKOUGH SKYLAB SAMPLE 3 
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FIGUW 53. AMPOULE X - U Y S - - -  
RADIOGRAPHIES OF THE S K Y U B  (1A and 1 B )  A E D  
GROUND (3A and 3B) TESTED SAMPLES IN THEIR 
UXOPENED AMPOULES THREE RADIOGRAPHIES AT 
L2OU OF EACH AMPOULE. 
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When only  a part of a s o l i d  is melted i n  zero g r a v l t y ,  the 
tendency o f  the mol ten  p a r t  t o  become s p h e r i c a l  can be much r e s t r i c t e d .  
This would he  fmpottant  f o r  applications such as zone m e l t h a  i n  space 
end welding of porous or massive matrswial in space." 

18, I566  Aluminum-Copper Eutectics. .  I251 The P I  f o r  Experiment 
M566 is Mr, E . A .  Hasemeyer, MSFC,"Huntsville, Alabama. 

The experiment was to determine the e f f e c t s  of weight1 essnesa 
on t h e  s o l i d i f i c a t i o n  of  lamellar s t r u c t u r e  i n  a e u t e c t i c  ell.oy when 
directionally s o l i d i f i e d ,  

"Directionally s o l i d i f i e d  e u t e c t i c s  as prepared i n  8 one-g 
environtnent, almost always e x h i b i t  t e rmina t ion  f a u l t s ,  mismatch 
s u r f a c e s  and ather defeces .  These growth imperfections limit t h e i r  
s t r e n g t h  when used as s t r u c t u r a l .  compasltes and p r e v e n t  their rise 
f o r  n o n - s t r u c t u r a l  a p p l i c a t i o n s  such as Micro Capacitors. The formation 
of  a mismatch s u r f a c e  In an al.igned e u t e c t i c  i nvo lves  an i n c r e a s e  i n  
n e t  surface a r e a ,  I- * )  The appearanm of t e rmina t ions  allows lameZlae 
t o  m a i n t a i n  t h e i r  p a r a l l e l  growrh b u t  t h e r e  is no compensation f o r  the 
excess  srirface and increased energy a t  the  miemarch su r faces ,  Because 
of the incomplete exp lana t ion  f o r  O C C M ~ ~ ~ I C ~  of  a l l  such d e f e c t s  i n  
lamellar e u t e c t i c s ,  St appeared reasonable  ( + I  e )  that  an experinicnt 
i n  the orh i t i r i g  Skylab would show t h a t  an improved structure could be 
grown i n  the absence o f  gravi.ty induced thermal convection. The growth 
o:E a e u t e c t i c  composite o f  aligned lamellae i n  low graviry should  a l s o  
p rov ide  new insights into the  parameters a f f e c t i n g  t h e i r  solidification. 
The CuA12 e u t e c t i c  (67% Wgt: Aluminum-33% Wgt Copper) was se l ec t ed  
as a model system on the basis  of  i t s  moderate e r i t e c t i c  temperature 
and t h e  e x t e n s i v e  background o f  s o l i d i f i c a t i o n  information ava i lab le  
w i t h  which zero-g results may be compared.g' 

" S i n g l e - g r a i m d  specimens €or t h i s  experiment were prepared 
by d i r e c t i o n a l  so l . i d iE ica t ion .  The initial c a s t i n g s  were made froin 
master  h e a t s  of zone-ref ined aluminum and spec t rog raph ic  copper. 

The des ign  of the M566 c a r t r i d g e  i s  similar t o  o t h e r s  used 
i n  t he  M5T.8 Multipurpose E l e c t r i c  Furnace. ( * * * >  The copper- 
aluminum eutectic specimen i s  6,25 m in diameter  and 12.7 mm i n  length.  

The cartridge assembly for each specimen was deeigned $0 t h a t  
The fol lowing the molten eutectic alloy would contact g r a p h i t e  only. 

treating and coollng parameters  were seleeted for ground-based 
t e s t s  and the Skylab experiment: 
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Peak Temperature - 867OC i n  t h e  heated p o r t i o n  of furnace - 7 9 0 ~ ~  i n  t h e  specimen 
Soak Time a t  Peak Temperature - 1 hour 
S o l i d i f i c a t i o n  Race - 2.4 Clmin. 
Average Thermal Gradient - 45'C/cm. 

0 

h e  t o  a malfunct ion o f  the c o n t r o l  thermocouple i n  ths  fu rnace  
0 i n  Skylab 3 ,  t he  peak temperature d i d  no t  exceed 844 C. 

Three a d d i t i o n a l  sgecimens were processed i n  Skylab 4 ,  a t  the 
des i r ed  t e n p r a t u r e  of  867 C." 

"The experimental  hardware i n  Skylab f l i gh t s  3 and 4 functioned 
s a t i s f a c t o r i l y  t o  process  t h r e e  specimens i n  t h e  low g r a v i t y  of  a 
Space environment. The Multi-purpose E l e c t r i c  Furnace melted p o r t i o n s  
of  three copper-aluminum specimens i n  each f l i g h t ,  h e l d  them at a 
soaking  temperature ,  then r e - s o l i d i f i e d  the  molten portions a t  2 

c o n t r o l l e d  r a t e ,  8on d e s t r u c t i v e  e v a l u a t i o n s  inc lud ing  e l e c t r i c a l  
r e s i s t i v i t y ,  h2ve been completed. P re l imina ry  d a t a  from q u a n t i t a t i v e  
metallography i n d i c a t e  that the  a l igned  e u t e c t i c  i n  specimens processed 
i n  Skylab 3 and 4 have fewer defec ts  than  ground-based specimens, 
s p e c i f i c a l l y  a n  improvement of 12% in average d e f e c t  spacing and a 
dec rease  of  20% i n  the average f a u l t  densi ty ."  
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E ,  Engineering Operations 

These experiments  were designed to s t u d y  t h e  Skp lab  i n t e r io r  
and exterior environments.  They f u r t h e r  evaluated the crew impact on 
t h e  spacecraft and the s p a c e c r a f t  design e f f e c t  on crew well-being.  
Assessments were made of mobility a ids  and the crew's p r o f i c i e n c y  t o  
perform r e p e t i t i v e  tasks over long per iods .  

The exterior environment was s t u d i e d  I n  two d i s t i n c t  o p e r a t i o n a l  
phases. In Q I I ~  phase ,  various material. samples were exposed t o  t.he 
t r a n s i e n t  1.aunch and s t a g i n g  environments,  I n  che o the r  I t he  samples 
experienced the long-term e f f e c t s  oE space tracum, r a d i a t i o n ,  and p a r -  
t i c l e  bombardment * 

The s p a c e c r a f t  h a b i t a b i l i t y  aspects w e r e  analyzed in detai I 
d u r i n g  t h e  three missions. T h i s  inc luded  monitoring t h e  physical. con- 
d i t i o n s  suc.h as: d a i l y  aerosol. and d u s t  particle counts throughout. 
t h e  s p a c e c r a f t ;  l oca l  air flow and temperature measurements and sound 
lc!vel and frequency determinations. R N ~  more impor t an t ,  it included 
t.he psychological evaluation of habitability provisions such a s  : t h e  
t 1 t . i  Z i t y  and convenience of Living f a c i l i t i e s ,  t h e  workload demands and 
tht: r e c r e a t i o n a l  a id  e f f e c t i v e n e s s .  As part of t h i s  overall. evaluat . ion,  
r e p c t i t . i v e  t a sks  of o p e r a t i o n a l  s i g n i f i c a n c e ,  such a s  manual 1lavigatiQn 
s i g h t i n g s ,  were performed t o  assess t h e  crew's a b i l i t y  t o  main ta in  or 
improve p r o f i c i e w y  d u r i n g  long periods i n  zero-g ,  

Di f fe reh t  types  of maneuvering a i d s  were compated for use by 
r\rews d u r i n g  €nture missions, both  f o r  inside and EVA activities. Thi? 
spacecraf t  capability to Serve as a h i g h l y  s t a b l e  platform i n  space for 
making extremely accurate s t e l l a r  measurements was correlated to crew 
motions of a l l  types .  

Tab le  rx provides:  t h e  t o t a l  number of planned FO's, the m ~ m -  
bprs per fo rmed  d u r i n g  each manned flight and t h e  degree of success. 

2 ,  D O 2 4  Thermal Corttrul Coa t inas .  The P I  for Experiment: DO24 
is Ilr .  William L. Lchn, A i r  Force Materials Laboratory, A i r  Force Sys- 
tenis Comrnand, W ~ i g h t - P a t t e r s o n  Air Force Base (W-PMB) , Ohio, T h i s  
experirnent, complemented M415 which i n v e s t i g a ~ e d  the  launch phase exter- 
n a l  environmental. effects on the rma l  control c o a t i n g s  , while E024  
ir>.vr?st: i ga t ed  a rb i t :a l  phase. effects 

T h i s  was a passive experiment: installed and operated on SL-1 /  
5 [ , - 2 ,  St , -3 ,  an.d r e s u p p l i e d  and operated on S L - 4  t o  determine the space 
c~f\l i ironrnental  e f f e c t s  on selected thermal c o n t r o l  coatings arid p01per i .c  
f i t m  s t  r i p  sarnplea. These samples were r e t u r n e d  i n  a sealed c o n t a i n e r  
I ~ O  avoid changes to these effects caused by atmosphcrtc recombination. 
'I'his was t.he f i r s t  opportunity t o  t e s t  re turned samples i n  a vacuum. 
Planned objectives were calibration of earttt-bosed laboratory tests 



TABLE I x .  ACCUMPLISIUENT OF EXPERIMENT FUNCTIONAL OBJECTIVES 

EXPERIMENT TITLE 

ENGINEERING /OPEKAT IONS [ 7 ,  8 9 1 

DO24 TIGXMAL CONTRUL COATINGS 

M415 ‘THERMAL CONTROL COATINGS 

M487 K4.B XTAB ILETY/CREW QUAKr ERS 

M509 ASTRONAUT MANEUVERING EQUIPMENT 

TO02 MANUAL NAVIGATION SIGHTXNGS 

TO03 INFLIGHT AEROSOL ANALYSIS 

TO13 CREW/VEHICLE DISTUN3ANCE 

TO20 FOOT-CONTROLLED MANEUVERING UNIT 

FO‘s 
PLAhXED 

3 ’  

4 

59 

12 

68 

56 

1 

6 

SL-2 

I 

4 

19  

0 

0 

10 

0 

0 

SL-3 

I 

0 

18 

6 

32 

20 

1 

2% 

SL-4 

1 

0 

2 1  

5 

25 

26 

0 

1 

ACCOMPLISHMENT 
(PERCENT) 

100 

100 

9 8  

92 

84 

100 

100 

58 



and d e f i n i t i o n  of degrada t ion  rnecha.ni.sms, Experiment hardware  €o r  each 
miss ion  was a t r a y  w i t h  36 coated d i - s c s ,  another  t r a y  with 32 polymeric 
ELITR s t r i p s ,  and  a rnzterial return con ta ine r .  M a t e r i a l s  t h a t  were f1.0wn 
are l is ted i n  t a h l e  X arid XI. Two hardware s e t s  were launched OII SL-I. 
mounted on t h e  ATM deployment assembly t r u s s ,  under Lhe payload shroud.  
They were cxpnscd when t h e  shroud was j e t t i s o n e d .  The f i r s t  s e t  was 
recovered a f t e r  36 days  (on DUY 170) and t h e  second se t  a f t e r  131 days 
( c m  DOY 2 6 5 ) .  The t h i r d  hardware set was launched and recovered durihg 

, SL-4 t o  avoid contaminat ion from t h e  CM cant ro l  rockets during docking, 
undocking and f ly-around Deployment: occurred an DOY 326 and r e t r i e v a l  
on DOY 034 f o r  a 73 day expostire, 

AI1 returned hardware was significantly contaminated, apparent  fy 
by [:he cJ.oud of effluents and ven t rng  gases r e l a t e d  t o  a manned space- 
cra't. 'l%e contaminari.on was v i s u a l l y  evident by a golden, yellow-brown 
d i s c o l o r a t i n n  i n  stin 1i t areas with negl . ig ih le  d i s c o l o r a t i o n  I n  s h a d e d  
areas,  see f igure 56 L26 1 
r e f  1ecti.vi.try of thermal c o n t r o l  coatj-ngs, b u l k  properties of  polymeric 
fi.1.m s t r i p e  and contami.nation t h i c k n e s s  arc  shown i n  table  XII, 

~ a r i a t i o n s  betwcet) missions of d i s c o l o r a t i o n ,  

The c o n t a r n h a t t o n  compoiinds and s p e c i f i c  sou rces  have y e t  t o  h e  
completely i d e n t i f i e d ,  Contaminated surface laborat-ory crtialpsis atid 
hypothesized ronditfon s i m u l a t i o n  are  i n  progress, 

l'he S1,-4 container tiad atmospheri.c pres su re  when recei,ved i n  
the laboratory, The cause is urideter inir ied but: will n o t  he f u r t h e r  
inves tigatpd because cantaminati-on masked a tmospher ic  e f fec t s .  S p e c t r a l  
reflectance, s o l a r  abso rp tance ,  and t o t a l  normal r e f  ler. tatice measure - 
men ts are i n  progress. C!ontaminarion measurements are u s i n g  huger 
e l e c t r o n  spectroscopy.  'rkxa presence of siX.icon, oxygen, carbon, arid 
phosphorous h a s  been d e t e c t e d ,  bur coinpounds are s t i l l .  be ing  i n v e s t i -  
g a t e d ,  Optical transmission, f r u s t r a t e d  multiple i n t e r v a l  re f lec t ions  
s p e c t r a ,  and e l e c t r i c a l  and p h y s i c a l  properties have been measured on 
polymeric E i L m  strip samples. Results on these strips approximate the 
e x p e c t e d  changes f r o n i  solar radiation wtith little e f f e c t  from enntlarni i  
nation. Contamination is mainly a surface e f f e c t  and s t r i p  measurements 
were of btilk properti.es. 

2.  N+l5 -__31 Thermal Control C o a t e  The P I  for  Experiment f.1415 
i s  Mr. E .  C. McKannan, NASA MSFC, Huntsville, Alabama. R e  purpose was  
to determine the effects of prelaunch, launch, and space environments 
on degrading t h e  ab~orptlv~ty/emissfv~~y and s t a b i l i t y  characteristics 
a€ three materia1 coatings commonly utilized for passive thermal cun- 
rral.. 
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NOTE: SL-1JSL-2 FLIGHT 
PART WJMBER: 71XE2403-12 SN1 
LAUNCXED 14 K4Y 1973 
RETRIEVED 19 J U N E  1973 
RECOVERED 22 JWE 1973 
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1 
I. 

2, 

3. 

4. 

5 .  

6 .  

7. 

8 .  

9 .  

LQ. 

IT. 

L 2. 

13. 

3at;r :a 1 

a A l  0 IK-Si1L 1 ca re  2 3  

Eu 203/M- S i  Licone 

dl 0 /M-Silicone 

CaTiSiO JM- S i 1  icone  

2 3  

5 

Leafing ALJSilicone-Acrylic 

(No. 1) Processed 5u 
Astroquartz, 8H 

[No. 2) IOU Astroquartz, 8H 

(NO. 3 )  3D-QFY-A1 150 L/O 

(No. 4 )  S i 0 2 / A l  interweave 

(No. 5 )  Control Tu Ast roqua r t z ,  
8B, (Not processed)  

(NO. 6 )  3D-QEY 150 l/O no VDA 

FEP/Ag 

No. of 
Sampl. e s /Tr ajT 

I 

I 

I 

1 

1 

f 

2 

D e s c r i p t i o n - C o m e n  ts 

Linde C ca lc ined  pigment [l .Ou) i n  PS-7 

AFKL s i l i c a t e  coated pigment in RTV 602 

Controlled dehydrated pigment in RTV 602 

Hydrothermally prepared pigment f n  
BTV 602 

Commercial pigment I n  RTV 602 

Commercial pigment i n  SR82 and B-72 
blended r e s i n s  

Fabric composites bonded to Skylab 
coupons with e i t h e r  SR 585 or RTV L O 2  
adhe s ive s 

Second surface mirror bonded onto 
Skylab coupons with t r a n s f e r  tape 



Item 

14. 

- 

15. 

16. 

17 

18 

19. 

20 * 

21. 

TABU X. DO24 T I E W I ;  CONTROL MATERIALS LISTING (Continued) 

Marc r i a 1 

FEP/AI. 

Microsheet/Ag 

Anodized Alumtnum (0.2 mil) 

Anodized Aluminum (0.5 mil) 

Alzak Anodized Aluminum 

S -  13G 

2-93 

N o ,  of 
Samples /Tragi. 

2 

1 

1 

1 

1 

1 

2 

2 

DescripLion-Comments 

Second s u r f a c e  m i r r o r  bondcd o n t o  
Skylab coupons w i t h  t r a n s f c r  tape 

Second surface mirror  bonded o n t o  
Skylab coupons wi.t.h RTV 5 6 6 / A / B  

Second s u r f a c e  mirror bonded onto  
Skylab couporis wi th  RTV 5661AIB 

Processed A 1  d i s c  bonded onto 
Skylab coupon w i t h  Eccobond Epoxy 
Type 57C 

Processed A 1  d i s c  bonded o n t o  Skylab 
coupon wi th  Eccobond Epoxy Type 57C 

Alcoa processed A 1  d i s c  bonded to 
Skylab coupon Eccobond Epoxy 
Type 7 C  

S i l i c a t e  t rea ted  ZnO pigment i n  RTV 
602, One sample i s  coa ted  d i s c  
bonded t o  Skylab coupon, other 
sample i s  a coated C O U ~ Q ~ I  

ZnO pigment in potassium silicace 
(PS-7). One sample i s  coated d i s c  
bonded to Skylab coupon,  o the r  
sample is a coated coupon. 



22. 

23. 

24. 

25, 

26. 

27. 

28. 

29 * 

T A R E  X. DO24 THZRMAL COTU'TROL HATERIALS LISTIKG (Concluded) 

Hat e r i a l  

Black Velvet Paint 

PV- 100 

5-13 

2 ZrO /M-Silicone 

AulQuartz  C r y s t a l  

Ag/Quartz Crystal. 

No. of 
s amp1 e s I Tr " y  

2 

3 

Description-Comments 

tITRL prepared pigment in Owens 
I€Linois 650 r e s i n .  Buth sampLes 
are coated d i s c s  bonded to Skylab 
coupons 

Two samples in 'Thumb" a r e a ;  other 
samp I e receives "normal" expo sur e 
and handling 

T i 0  pigmented silicone alkyd 2 
ZnO (as received) pigment in RTV SO2 

Silica coated ZrO pigment i n  a 
s i n g l e  package si$icone 

Passive quartz o s c i l l a t o r  mechanically 
a t t a c h e d  t o  Skylab coupon 

Passive quartz oscillator mechanically 
a t t a c h e d  to Skylab coupon 

Hydrothermally prepared p ignent  in 
RTV 602 



TABLE XI. POLYMERIC FIW STRIP HATERIALS 

1. Nylon 6 / 6  5. Polycarbonate 

2 .  Polyphenylquinoxalide 6 .  Mylar 

3 .  Polyimide 7 .  FEP (Type XCZO) 

4 .  FEP (Type A> 3.  Teflon 

D u r a t  i or 
Mission 

SL-4 I 76 

B 

Degree of 
D i s c o l o r a t i o n  

i n t e r m e d i a t e  

deepest  

' l i g h t e s t  

IPLE CIVLRSICTERLSTICS 

i n t  e rned ia  te  

Three d i f f e r e n t ;  t y p e s  of c o a t i n g s  used on s p a c e c r a f t  e x r e r i o r s  

The degree t o  d - ~ i c h  t he  
were exposed sequentially t o  prelaunch,  l i f t o f f ,  s t a g e  s e p a r a t i o n  and 
i n - o r b i t  environments du r ing  t h e  SL-2 launch.  
samples became contaminated [less white)  du r ing  each phase determined 
the  equ i l ib r ium temperature reached by each sample upon ach iev ing  o r b i t  
i n  t h e  proper s u n l i t  o r i e n t a t i o n .  T'nis t e m p e r a t u r e  d a t a  was telemetewed 
t o  e a r t h .  

The experiment per formed p r o p e r l y .  I n d i c a t i o n s  are t h a t  a l l  
c o n t r o l  c o a t i n g s  darkened somewhat from t h e  Launch pad h i g h  humidity 
and s a l t  spray atmosphere. 
t i o n  i n t o  o r b i t  an a d d i t i o n a l  amount of deg rada t ion  took  place. 
information w i l l  be very u s e f u l  i n  des ign ing  thermal c o n t r o l  syscems 
f o r  f u t u r e  s p a c e c r a f t  i n  choosing the optimum c o a t i n g s  f o r  t h e  antici- 
pated launch environments.  

From rhaL time on through launch and inser- 
T h i s  

Data a n a l y s i s  i s  s t i l l  i n  p rogres s  

3 .  M487 Hal:,itability/Crew Quarters. The P I  f o r  Experiment 
E487 i s  Mr. Caldwell C.  Johnson, Ch ie f  of the  Spacecraf t  Design D i v i -  
s i o n ,  JSC , Hous ton,  Texas, 

P e r i o d i c a l l y  throughout t f ic  t h r e e  manned v i s i t s  t o  S k y l a b  , 
f l i g h t  crews eva lua ted  the O r b i t a l  Assembly h a b i t a b i l i t y  features 
d u r i n g  their d a i l y ,  routine a c t i v i t i e s  i nc lud ing  housekeeping tasks  
and s e l f - s u s t a i n i n g  chores  s u c h  as s l e e p i n g ,  e a t i n g ,  personal  hygiene,  
e t c .  Tile n i n e  h a b i t a b i l i t y  f ea tu re s  encompass : 
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Environment,  
Arch i t ec tu re ,  
Mobi l i ty  and restraints, 
Housekeeping  
Communications, 
Personal  hygiene, 
Food and water, 
Garments and personal. accouterments, and 
O f f  -duty activities . 

Habitability evalua t ions ,  ob ta ined  Erom tape-recorded comments, TV and 
video tapes ,  16mm f i l m  c l i p s ,  and supplemental environmental measure- 
ments ( temperature ,  air flow, sound l e v e l s ,  e t c , )  provided data useful 
for  futtlre manned spacecraft  d e s i g n .  

Habitability evaluation data was obtained from three sources: 
crew stihjective and d e b r i e f i n g  comments; photography; and instrument: 
meastirernents. 

a. C r e w  S u b j e c t i v e  and Debriefing Comments. Both subjec- 
tive and d e b r i e f i n g  comments were s o l i c i t e d  at scheduled times and at 
oppor tune  moments from each crewman relative to t h e i r  habitability 
assessment of compartments and equipment. Representa t ive  comments 
recorded diiring t h e  miss ions  indfcate t he  following general assess- 
ments: 

General arrangement and orientation of t h e  workshop was 
adeqirate. T h e  wardroom proved t o  be  the central p o i n t  of 
crew congrega t ion .  The wardroom table was extens ive ly  
used for paper work sessions and as a work bench €or 
t roub le - shoo t ing  or reparing small items. 
magnetic or spring-type h o l d  down devices OR documents 
were i d e n t i € i e d .  

The need for 

Ragging and disposition of trash through the  trash 
a i r lock  proved more time-consuming t h a n  originally 
estimated. The need for  mote portable trash recep- 
tac l e s  was i d e n t i f i e d ,  

Lome or misplaced items (Eood p a r t i c l e s ,  screws, e t c , )  
tended to d r i f t :  toward the  a i r  mixing chamber screen 
where t h e y  became entrapped .  The screen served a d  an 
e x c ~ l l e n t  collection point + 

The l i g h t - d u t y  f o o t  restraints i n  the waste  manage- 
men t: and W ~ I X ~ K O O ~  compartment s were unfavorable s 

L i g h t i n g  l eve l s  throughout  the  workshop were 
gei ieral ly  too Icw for  c luse  work. Pen lights were 
cxtensiveLy used while performing maintenance-repair 
i! c f f. v i  t i e s . 



b. Photography. The Skylab crews obtained motion p i c t u r e  
f i l m  c l i p s  of c e r r a i n  d a i l y  t a s k s  which demonstrated t h e i r  a d a p t a b i l i t y  
t o  the zero-g environment and a l s o  presented documentaries of task pe r -  
formances. Tasks photographed during t h e  missions included t h e  fol low- 
ing  : 

Eat ing  meals, 
Donning/doffing c l o t h i n g  and ingressingt’egressing s leep 
r e s t r a i n t s ,  
Cleaning a i r  mixing chamber s c r e e n s ,  
Using che trash a i r l o c k ,  and 
Using t h e  waste management and pe r sona l  hygiene f a c i l i t i e s .  

c .  Instrument  Measurements. P o r t a b l e  measuring i n s t r u -  
mcnts,  supp l i ed  by Experiment M487, were used du r ing  t h e  missions to 
o b t a i n  measurements of ambient a i r  temperarures ,  s u r f a c e  t empera tu res ,  
a i r  v e l o c i t i e s ,  sound p r e s s u r e  levels and frequency d i s t r i b u t i o n s ,  
r e f l e c t i v e  i l l i i m i n a t i o n  l e v e l s ,  l o c a t i o n a l  dimensions,  and push /pu l l  
f o r c e s .  

In addition t o  t h e  experiment o b j e c t i v e s ,  the  measuring i n s t r u -  
ments were e x t e n s i v e l y  used  t o  o b t a i n  ambient and s u r f a c e  temperature  
measuremcnrs of opera t iona l .  hardware, such as t h e  rate gyro six pack, 
experiment f i l m  c a n i s t e r s  (SO20 and T025), a i r  d i f f u s e r s ,  e t c .  

A l l  Experiment M487 hardware performed s a t i s f a c t o r i l y  and 
w i t h i n  procurement s p e c i f i c a t i o n s .  

4 .  M509 Astronaut  Maneuvering Equipment. The PI. f o r  Experi-  
ment M509 is Major C .  E. h l i i t s e t t ,  USAE, JSC, H o u s t ~ n ,  Texas. 

The purpose was t o  e v a l u a t e  the  u t i l i t y  of s e v e r a l  a s t r o n a u t  
maneuvering t echn iques  by performing i n - o r b i t  maneuvering tes ts .  The 
test  d a t a  w i l l  be used t o  e v a l u a t e  ground based s i m u l a t i o n  techniques 
and, more s i g n i f i c a n t l y ,  t o  e s t a b l i s h  the  d e s i g n  requirements  €or  
f u t u r e  o p e r a t i o n a l  maneuvering u n i t s  f o r  EVA tasks. 

The maneuvering u n i t  w a s  a backpack type w i t h  m u l t i p l e  f i x e d  
p o s i t i o n  n i t r o g e n  gas t h r u s t e r s  which provided t r a n s l a t i o n  and ro ta -  
t i o n  c a p a b i l i t i e s .  The n i t r o g e n  p r e s s a r e  b o t t l e ,  t e l eme t ry  s y s t e n ,  
b a t t e r y  and t w o  t ypes  of gy ro -con t ro l l ed  automatic  s t a b i l i z a t i o n  sys-  
tems were contained wi th in  t h e  u n i t .  Desired f l i g h t  pa ths  were flown 
by o p e r a t i n g  aircraft-type hand c o n t r o l l e r s  on arms extending from t h e  
backpack .  A hand-held t h r u s t e r  u n i t ,  s imilar t o  that: used i n  G e m i n i  
EVA, w a s  provided and  supp l i ed  from t h e  backpack n i t r o g e n  system. 

The experiment was opera t ed  s i x  times on SL-3 and f i v e  tFrnes 
011 SL-4.  Three r u n s  were performed with t h e  opera tor  wearing h i s  
p r e s s u r e  s u i t .  The equipment performed extremely w e l l  through the 
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e n t i r e  Skylab m5ssioti and aI.'I. test. a h j e c c i v e s  were m e t .  The SI,-3 
t e s t  program was expanded to i.13cJ.ticfe :I test  rut1 by the Science P i l o t  
who was r t n t r a i n e d  f u r  t h f s  experiment ,  brit e a s i l y  mastered the technique 
n f  Elyi.ng the presc r ibed  maneuvers. 

The e q u i p m e n ~ ' s / o p e r a t o r ' s  f l y i n g  capabiljties proved t o  be very 
good i n  all modes except t h e  hand-held maneuvering u n i t  made. Actua l  
Pquipmetit: opera t ion  pruved t o  be v e r y  comparable ku t h e  s ix -degree -o f -  
freedom groutid simu1.ator used i n  the p re f l - igh t  t r a i n i n g  program. The 
manually st:abil.:i.zed di.r-ect node, wb fch represents t h e  less complex 
1ighte.r weight system, was easy t o  f l y  and c o u l d  conceivably be chosen 
as t h e  mode t o  be used i n  f u t u r e  o p e r a t i o n a l  units. The a u t o m a t i c a l l y  
s tabi1. izcd modes ,  r a t e - g y r o  and CMG, worked very well, and would ce r -  
t-ainLy be advatit.ageous f a r  a n  opcratiunal tinkt ~ p a r t i c u l a r l y  in the 
performance of an EVA task i n  a reas  where r e s r r a i n t l d o c k f n g  capabili- 
t i e s  are Limited or non-existant: .  

%e d e s i r a b i l i t y  f o r  equipment of titis type  i n  f u t u r e  space 
missi i ins  was v i v i d l y  demonstrated by [:he numerous ext-errial r e p a i r s ,  
i.nspet:t:ions , etc . .  , performed by the three Skylab crews. Such tasks 
tmrild have been grea t . ly  s i m p l i f i e d  and m u c h  less t i m e  consuming i E  
an operational a s t r o n a u t  maneuvering u n i t  had been available. 

59 -c TO02 Manual Navigation S i g h t i n t .  "lie PIS for ExpesJmenr 
'1'00% arc Mr. Robert 5 .  Randle, NASA Ames Research Center, Mofferr 
F i d d ,  C a l i f o r n i a ,  who was concerned w i t h  the mid-course n a v i g a t i o n a l  
aspec ts ,  arid L t .  Col. S t a n l e y  W .  Powers, U . S ,  A i r  Force Academy, 
Colorado, who was concerned with o r b i t a l  nav iga t ion .  

The dual. o b j e c t i v e s  were the measurement of the crewman's 
a h i l i . t y  ro  niakc r e l i ab le  and a c c u r a t e  ce les t ia l  o b s e r v a t i o n s  du r ing  
exl.et~ded p e r i o d s  of #e ight lessness  and t o  t e s t  an o r b i t a l  navigation 
method. Data c.an be e x t r a p o l a t e d  t o  estimate crewman's g e n e r a l  ability 
to perform t a s k 3  that require dexter i ty  and judgement dur ing  long 
w r i g h t . l e s s  p e r i ~ o d s ,  

A series of 34 c e l e s t i a l  ohsewa t ions  were  planned on c%ch 
SI.,- 3 and S t - 4  missions to accompl. i.sh rhese ob jecrives . Each observa- 
t. i on pr~u.Forn!ai-tr:e was t o  confi:i.st of 10 to 15 s ight ings  . The m i d  course 
observat  i 0 1 7 s  measured three types  of angles : between stars, between a 
3ita.r RIMI t.he moon, and between opposite moon e d g e s  u s i n g  a s e x t a n t .  
t h ~ s e  I a s  t two measurements would provide navigational i n fo rma t ion  
heca.usi.-. the a n g l e s  are dependent upon spacecaraft p o s i t i o n .  Orbi ta l  
o b s e r v a t i o n s  included t w o  t ypes :  one usFng a stadimeter t o  measure 
I: l ~ t x  curva tu re  of t h e  ea r th ' s  horizon a5 an indication of spacecraft  
a I.t.i.ttirie end the ather  using a sextarit: t o  meaeure the angle between 
R s t a r  and the  ea:rch'o horizon. These o r b i t a l  observations were to 
he  romhincd into an operatianal sequence, 
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The t w o  o p t i c a l  i n s t rumen t s  used du r ing  t h e  experiment were a 
s e x t a n t  and a s t a d i m e t e r .  

The  sextant was similar t o  a common marine s e x t a n t ,  and was t h e  
same type as used i n  t h e  Gemini program, w i t h  minor rnodi i icar iuns.  It 
provided a superimposed image d i s p l a y  and a measure of angles between 
celestial bodies  with readout  markings every  thousandth of a degree.  

The s t a d i m e t e r  w a s  used to  observc a s e g m n t  of the e a r i h ' s  
horizoii  c u r v a t u r e  and measure t h e  angle  between the l i n e s  of s i g h t  
from t h e  observer t o  t h e  a r c  center and t h e  chard center .  A split 
optical d i s p l a y  was provided enabl ing r e f c r e n c c  p o i n t s  LO be l o c a t e d  
on t h e  observed l iorizon and optically aligned by a manual c o n t r o l .  
The readour markings were every thousandth of a degree.  The space-  
craf t ;  a l t i t u d e  could then  be determined from t h e  ang le  and t h e  planet's 
diameter .  

Three a d d i t i o n a l  components ass i s ted  i n  experiment  performance. 
These were: d c o l l a p s i b l e  hood f o r  arrangement over t he  wardroom window 
prevent ing i n t e r n a l  l i g h t i n g  r e f l e c t i o n s ,  a stowage locker cushion pro- 
tected the  in s t rumen t s  from launch loads and provided i n - o r b i t  storage; 
and a b a t t e r y  t r a n s f e r  case f a c i l i t a t e d  resupply of the  instrument: il- 
luminat ion b a t t e r i e s .  

TO02 was planned f o r  o p e r a t i o n  a t  t h e  crew's convenience on a 
non- in t e r f e rence  b a s i s .  A s  a r e s u l t ,  it was perEorrned 32 times on SL-3  
and 25 times on SL-6 by t h e  3LT.  

A measure of d a t a  r e l i a b i l i t y  ( p r e c i s i o n )  i s  one standard 
d e v i a t i o n  (lg), In a normal d i s t r i b u t i o n  r e s u l t i n g  from randomly 
ob ta ined  d a t a ,  1G i n c l u d e s  68.26 percent  of t h e  d a t a  points. The 
51;-3 PLT achieved a 1 6  = 10.0 arc-seconds du r ing  p r e f l i g h t  t r a i n i n g .  
On the  46th d a y ,  he again  achieved a 10- = 10.0 arc-seconds showiiig no 
dsgrzdation caused by h i s  t i m e  in o r b i t -  Table XI11 shows the  r e s u l t  
o b t a i n e d  f o r  each type  of observation. 
rhe moon showed a s t r a n g  p o s i t i v e  b i a s  ( an average 4-22.5 arc-seconds 
l a r g e r  than t h e  computed ang le ]  and a very sma l l  1tT i n d i c a t i n g  almost 
f a u l t l e s s  p r e c i s i o n .  The b i a s  i s  presumably due t o  i r r a d i a n c e  ( a t e n -  
dency of a b r i g h t ,  extended surface a g a i n s t  a da rk  background to appear 
larger than it a c t u a l l y  i s ) ,  but no systeratic change occixrred when 
va r ious  f i l t e r  conb ina r ions  were used. Actually, the s i g h t e d  angles 
were larger  us ing  va r ious  filters than w i t h  LIQ f i l t e r .  N o  ready exp la -  
nation e x i s t s  f o r  t h i s  8s  yer .  

1271 The angular  s i g h t i n g s  across  

The t h r e s  e a r t h  ho r i zon  s igh t i i i g s ,  d u r i n g  SL-3,  marked t h e  f i r s t  
stad-imetcr opera t ion  i n  space. T ~ P  planned d a y l i t  e a r t h  hor izon ,  and 
t h k  n i g h t  airglow hor izor ,  were used .  
a rAt i c ipaced  v a r i a b i l i t y  a t t r i b u t a b l e  t o  a non-uniform, d i f f u s e  e a r t h  
horizon. 1281 The t o p  O L  t h e  night a i r g l o w  horizon provides best r e s u l t s ,  
and observatioi-is made nea r  csrbieal noon produce almost as good r e s u l t s .  

Table XI11 i n d i c a t e s  g r e a t e r  than 
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TABLE XIII.  TO02 SL-3 MISSFON RESULTS 

?- 

TARGETS 

Mid,-Course Sightinas 

Star t o  S t a r  

Star  t o  Moon 

A c r o s s  Moan 

UFbiral S i . g h t , i n ~  

E a r t h  Hor i z m  

Star t o  Horizon 

Combined Operational 
s i.gh t ings 

OBSERVATIONS 

PLANNED COMPLETED 

6 

12 

6 

2 

3 

5 

6 

10 

6 

3 

3 

4 

MEAN ERROR 
(BIAS) 

0 

0 

$22.5 arc-sec 

6.77  nm 

.266 t o  2 . 4  
deg . 
Nor Available 

STANDARD 
DEVIATION 

IL, 5 arc-set. 

11.4 arc-sec 

3 , 8  arc-see 

2 . 3  t o  6.5 nrn 

0.5 t o  3 . 5  nm 

Not Available 

F u r t h e r  i n v e s t i g a t i o n  i s  required t o  study the various o p t  ions for 
navigational s o l u t i o n s ,  
S k y l a b  dat.a, 

A safe re-entry could be accomplished t i s ir ip  

A l . 1  S L - 4  mid-course observations (except t h e  last two observa- 
t:-ior>.s) pradc~ced unusable  d a t a  because of t he  wardroom window transparent 
proti+ct:ive s h i e l d  w a s  not removed p r i o r  t o  performing T002.  
t.brot.qz!l. t,hj.s s h i e l d  r e s u l t e d  i n  l a r g e  b i a s e s  and large standard d e v i a -  
t : ions,  denionsrrat ing the need f o r  zt h i g h - q u a l i t y  oprrical  window, ~ S Z E E  
l a s t  two mid-course observations, performed with t he  p ro tec t ive  s h i e l d  
terriovcd, d i d  show that :  nominal biases  and nominal standard devia t ions  
could bc? achieved I The mean standard deviation achieved dur ing  pre- 
f l i g h t :  t r a i n i n g  was 12.0 arc-seconds. 
trhe m a n  bFas was 14.9 atc-seconds and the  mean s t anda rd  dev ia t ion  was  
1 2 . 8  arc-seconds. Thus no significant change i n  p ro f i c i ency  occurred 
~ v e n  though the PLT had bean in orbit for 69 days when the last TO02 
perf  ormanee was made, 

i29 J S i . g h t l n g s  

During the last  two obse rva t ions  
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Reduction and a n a l y s i s  of o r b i t a l  n a v i g a t i o n  da t a  i s  i n  p rogres s .  
Four  of ciie planned f i v e  s t ad imc te r  obse rva t ions  were performed u s i n g  a 
nominally uniform h o r i z o n .  These obse rva t ions  r e s u l t e d  i n  a range of 
1T from 2 t o  4 . 6  nm. Most of the wardroon; window p r o t e c t i v e  s h i e l d  
e f fec ts  are l e s s  t han  t h e  range of scadimeter 1cT’s. 
s t ad ime te r  resu l t s  were comparable, so  it may be  c o x l u d e d  cha t  t h e  
s h i e l d  had n e g l i g i b l e  e f f e c t  upon s t ad ime te r  results. 

The SL-3 and SE-4 

No planned s t a r - e a r t h  hor izon  s i g h t i n g 5  were taken du r ing  
SL-4. Consequent ly ,  no o r b i t a l  n a v i g a t i o n a l  computation w i l l  bc 
pos s i b IC. 

4 .  TO03 Inflight Aerosol Ana lys i s .  The P I  f o r  Experiment 
TO03 i s  D r .  William Z .  L e a v i t t ,  U.S. Department of T r a n s p o r t a t i o n ,  
T r a n s p o r t a t i o n  Sys tems Center ,  Cambridge, Massachusetts. 

This experiment was to measure the a e r o s o l  p a r t i c u l a t e  matter 
c o n c e n t r a t i o n  and distribution i n  the  s p a c e c r a f t  during each Skylab 
mis s ion ,  as  a f u n c t i o n  of t i m e  and l o c a r i o n ,  

The data cards and the  f i l t e r - i m p a c t o r  system from Skylab 
missions 2 ,  3 and 4 are  undergoing analysis. Tne real-time measure- 
ments  recorded on the cards indicate a very  c l e a n  s p a c e c r a f t ,  The 
environmental  c o n t r o l  system i s  e f l i c i e n t l y  removing the  p a r t i c l e s .  
From a n a l y s i s ,  t h e r e  appears  to bc no major source of p a r t i c l e s  from 
cqu i  pnicnt o p e r a t i n g  i n  t h e  spacecraf t .  P a r e i c l e  d i s t r i b u r i o n  i s  con- 
s t a n t  throughout rhe s p a c e c r a f t ,  aga in  i n d i c a t i n g  rhe e f f i c i e n c y  of 
t h e  environmental  c o n t r o l  system. Particle loading i n  the 3 t o  100 
micron s i z e  range averages approximately 200 p a r t i c l e s  per  cub ic  f o o t  
of a i r ;  parLicle loading i n  t h e  1 t o  3 micron range averages about 
3,000 par t ic les  per  cub ic  f o o t  of air. 

Analys i s  of t h e  iinpactor pads by scanning e l e c t r o n  microscope 
sl;os;ecl t h a t  t h e  major p a r t i c l e  c o n t r i b u t i o n  i s  from s k i n  squamae, most 
l i k e l y  pl-oducctd by t h e  a s t r o n a u t  o p e r a t i n g  t h e  a e r o s o l  ana lyze r .  
a r e  very E e w  f i b e r s  and p a r t i c l e s  which a r e  not s k i n .  The micrographs 
confirm rhe o p t i c a l  counting r e s u l t s .  

There 

NASA i n i t i a t e d  a request; t o  determine whether t h e  aerosol  ana-  
l y z e r  was capable. of d e t e c t i n g  coo l ing  f l u i d  (Coolanol-15) leaks and  
answers t o  t h e  f a i h $ i n g  ques t ions  were sought:  

I f  coo lan t  d r o p l e t s  were produced by a l e a k ,  would they 
bc s t a b l e  ar,d cou ld  they be counted by t h e  in s t rumen t?  

If they were c o l l e c t e d  on t h e  impactor pads ,  could they 
be i d e n t i f i e d  on a micrograph? 

Did the a c t u a l  impactor pads from S k y l a b  2 show any 
Coolanol- 15 droplets? 
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To e s t a b l i s h  the f e a s i b i l i t y  of coolant: d e t e c t i o n ,  several  experiments  
fiere performed i n  t h e  l a b o r a t o r y .  F i r s t ,  Coolanol-1.5 was nebulized; 
u s i n g  tho TO03 ae roso l  a n a l y z e r ,  t h e  aerosol pradrrced was d e t e c t e d  and 
found t o  be s t a b l e  up t o  a t  l e a s t  f o u r  f e e t  f r r r m  t h e  nebu l i z ing  source .  
Secorid, Coulartol-15 l i q u i d  was f1owe.d unto  an impactor pad and a s t rong  
i n f r a r e d  r e f l e c t i o n  spectrum was obtained with a s c a n n i n g  i n f r a r e d  inter- 
ferometer s y s t e m ,  i n d i c a t i n g  t h e  presence of  t h e  m a t e r i a l  on t h e  pad. 
After four  d a y s ,  the measurement was repeated w i t h  t h e  i d e n t i c a l  im-. 
pactor  pad and no indication was ob ta ined .  Th i rd ,  Coolanol-lS u a s  
r~ebul . i .zed arid c o l l e c t e d  on a n  Fmpac.tor pad. Attempts t o  d e t e c t  t h e  
r.oalaiit b o t h  w i th  a n  e l e c t r o n  microscope and by i n f r a r e d  techniques 
pruved  negat4.w.  Following these. laboratory t e s t s ,  the impactor pads  
from SI,-2 wore examined f o r  ind ica t . ions  of Coolanol-15, and, as ex -  
p e c t e d ,  t:he r e s u l c s  were n e g a t i v e .  The s tudy demonstrated that .  leaks 
of Coolanol-15 w h i c h  prodwed aerosols i n  the s p a c e c r a f t  could be 
d e t e c t e d  by t h e  ae roso l  a n a l y z e r  i n  real-t . ime hut would no t  register 
for postflight a n a l y s i s .  

b a t a  a n a l y s i s  i s  c o n t i n u i n g .  The used f i l t e r s  from S k y l a b  3 
and 4 m.i.ssione are p r e s e n t l y  be ing  eva lua ted .  
f u r t h e r  Ldent . i . f icat ion of the s p a c e c r a f t  p a r t i c u l a t e  contaminate.s by 
Daterial, shape and qriariti.tY. 

The r e su l t s  will permit 

7, TO13 Crew/Vehicle Disturbance.  The PI. f o r  Experiment 1'01.3 
i s  Dr, Bruce Conway, NASA Langley Research Cen te r ,  Langley, Virginia. 

Tlii~s experiment was t o  measure t h e  v a r i o u s  crew motion efEects 
on ::tic dynamics o€ manned s p a c e c r a f t ;  s p e c i f i c a l l y ,  t h e  t o rques ,  f o r c e s  
a!d v e h i c l e  motions produced by t h e  a s t r o n a u t  '6 body motions. A t t i t u d e  
and point. in& c o n t r o l  systems of future  manned spacecraft:  w i t h  h i g h  p o i n t -  
i ng  accuracy requirements  must be designed t o  cons ide r  these rnt>t-$~ons. 
The dat:a will a lso  be used t o  verify t h e  ground s imular lor i  techniques.  

The experiment hardware c o n s i s t e d  of  t h e :  l i m b  mot i o n  s e n s i n g  
syst:em ( I J M S ) ,  f o r c e  measuring system (FWS), arid cxperimcnt d a t a  system 
(EDS), The LIMS f n n s i s t e d  of an exoskeleton incorporated i n t o  a f l i g h t -  
t ype  su i t  w i t h  i n s t r u m e n t a t i o n  f o r  monitoring rnoti.on a t  t h e  major body 
, j o i n t s .  The FMS consisted vf  two force measuring u n i t s  (FMUs) attached 
t o  the OWS f o r  measuring t h e  a c t u a l  forces  and moments applied t o  t h e  
s p a c e c r a f t .  The LDS conditiorred t h e  data output of the  LIMS and FMS 
i n t o  the desi.red format far record ing  and telemetry. This data is t i m e .  
c o r r e l a t e d  f o r  comparison w i t h  a p p l i c a b l e  ATM poirit ing con t ro l  s y s t e m  
dat:a. 'rwo DACs were used to obtain 16m motion picture d a t a  for addi-  
t.icmal. rnonLtoring of t he  t e s t  s u b j e c t  motions. 

'The prc?scribed tasks included basic  activities such as gross 
lmdy l no t i rms,  simulated console operations and worst case c o n t r o l  
s y s  t .em inptrt s .  P ~ ~ l b m i n a ~ y  a n a l y s i s  of the obtained data has shown 
sr.veral  s. igni f . i .cant.  c!cv5atj.ons from t he  predictfons. The maximum 
f ! ~ p u t  forces dr1sin.g soaring wai measured to be slightly in e x c e s s  of 
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70 I b s . ,  which was g r c a t e r  than expected and may have c o n t r i b u t e d  t o  
rlie anomaly t h a t  occurred i n  one of t h e  FWs dur ing  t h e  performance 
of t he  worst  ca se  ope ra t ions .  The DAC f i l m  d a t a  has shown soa r ing  
velocities of 6-9 f t / s e c  were achieved compared to p r e d i c t i o n s  of 
2 ,5 -3 .5  f t / s e c .  These f i n d i n g s  w i l l  be f u r t h e r  analyzed and used t o  
up-date the  ground s i m u l a t i o n  techniques and p r e d i c t i o n s .  

T h e  experiment r e su l t s  w i l l  l o g i c a l l y  lead to a d d i t i o n a l  
ground-based i n v e s t i g a t i o n s  and s imula t ions  which are expected to 
r e s u l t  i n  pub l i sh ing  a c a t a l o g  of expected crew motion d i s t u r b a n c e  
2 r e d i c t i o n s .  The c a t a l o g  would be of s i g n i f i c a n t  b e n e f i t  f o r  t he  
design of f u t u r e  s p a c e c r a f t  a t t i t u d e  c o n t r o l  systems and a p p l i c a b l e  
s t r u c t u r a l  d e s i g n  and a n a l y s i s .  

8 .  Ti320 Foot-Controlled Maneuvering Unit .  The P I  for Experi-  
ment TO20 i s  M r .  U, E. Hewes, XASA Langley Kesearch Centcr ,  Langley, 
V i r g i n i a .  

The experiment was t o  provide in fo rma t ion  pertaining t o  the 
d e s i g n  and use  oE a s t r o n a u t  maneuvering systems by conducting i n - f l i g h t  
and ground based e v a l u a t i o n s  of a r e l a t i v e l y  simple u n s t a b i l i z e d  foot: 
contlrolled maneuvering device.  

The Foot  Con t ro l l ed  Maneuvering Unit  (FCMU) was mounted between 
the operaeoor's l egs  and contained t h e  c o n t r o l . p e d a l s  and two fou r -nozz le  
t h r u s t e r  s e t s  just outboard of t h e  f e e t  f o r  a t t i t u d e  and translation 
movements. The p ropu l s ion  gas  tank and battery were contained w i t h i n  
a backpack s t r apped  t o  t h e  o p e r a t o r ' s  back. 

The experiment was opera ted  t h r e e  t i m e s  on SL-3  and t w o  t i m 2 s  
on S L - 4 .  The t h i r d  SL-3 r u n  was made i n  t h e  p r e s s u r e  s u i t e d  mode, a l l  
o c h e r s  were made i n  rhc shirtsleeve node. A modi f i ca t ion  kit, con- 
t a i n i n g  add i t iona l .  r e s t r a i n t  s t r a p s  and b r a c k e t s  f o r  r i g i d i z i n g  t h e  
backpack to t he  FCHU, was launched on SL-4.  The k i t  was i n s t a l l e d  
prior t o  the S L - 4  rims and r e s u i t e d  i n  improved hand l ing  c h a r a c t e r i s -  
t i c s  and alleviated t h e  ha rness  loosening and inadequacy experienced 
during the  f i r s t  run. A temporary f i x  using on-board r e s t r a i n t  straps 
were  used f o r  t h e  lacter SL-3  r u n s ,  

%e PL i s  p r e s e n t l y  ana lyz ing  t h e  16mm c o l o r  f i l m ,  crew v o i c e  
t r a n s c r i p r s  and copies  of the downlinked TV. The P I  has r e l e a s e d  a 
p re l imina ry  e v a l u a t i o n  of rhe experiment r u n s  performed on SL-3. 
The f i n a l  P I  r e p o r t  w i l l  be  based upon the evaluation of the  t o t a l  run 
complemem r a t h e r  than  on a mission b a s i s .  
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F I Con t ami n at  io11 

Two experiments were a s s o c i a t e d  wi.th the cnntaminat-ion i n  
t h e  s p a c e c r a f t  environs.  
ericotintered window contaminat ion t h a t  i n t e r f e r e d  wi th  star s ighkings  
and luna r  sur face  phatogwnphy experiment.s, 
depoal  t i o n s  were thruster f ir ;  ngs and molecular  evaporatians from 
around t h e  wladuwa. 
spac.ecraKt, it i s  important: t h a t  t h e  e f f e c t s  of contaminat ion on such 
i n s t r r i m e n t s  he eva lua ted .  
contaminants on optical surfsces and w i t h  the r e f l e c t e d  l i g h r  from 
particles in the con taminan t  cl.oud around t h e  spacecref t. Experiment 
TO25 used a coronagraph to a l s o  ptzotngraph the s u n l i t  contaminant  
c1.otid. Experiment TO25 a l so  photographed the sun1 i t  upper  akrnos- 
phere and Comet R ~ h ~ t l t e k .  

Yrevi.cus Gemini .  and Apol  l o  f3.ights had 

Sources of contaminant 

With more advanced opt i ca l  experiments 511 

Experiment TO27 deal t  w i t h  deposired 

Experinicnt TO25 was planned For t h ree  performances all. o f  
One performance on w h i c h  were ac.compl.ished durfng EVA'S on S L - 4 .  

SL-2 fo r  the surface depositinn por t ion  of the TO27 experiment was 
planned and performed on SL-2, The r e f l e c t e d  Pighi: portj .on of the  
TO27 experiment: was planned for 4 3  functional objectives in a j o i n t  
observinp, program with experiment 5093 of  which 11 were performed on 
SI,-2 and 6 on SL-3, 

I .  TO25 Coronagraph -- Contamf.nat i o n  Measurement, 
The PL f o r  Experiment  TO25 :i.s Dr. J, Mayo Greenberg,  Dudley Observa- 

-1_ 

The expe r imen t  was originally planned to be dep loyed  from the  
s o l a r  SAL; h o w e v ~ r ,  due t o  i t s  u n a v a i l a b i l i t y ,  experiment: operat- ions 
were condncted d11rin.g EVA QII SL-6, The photographic film r e tu rned  in 
the 5L-4 CM was t o ,  h o p e f u l l y ,  provide al.t.itude d i s r r i b t r t i o n  of upper 
a tmospheric  p a r t i c l e s ,  d u s t  concentration, r e l a t i o n s h i p  of n o c t i l u c e n t  
cloitds and e f f e c t s  n f  so la r  events on the upper atmosphere, and con- 
tant inat ion measurements near  the  spacecr'af t, The Comet Kohoutek 
phot.ographs were taken with special .  f i l t e r s  on EVA'S on Ilecember 25th 
and 29tt1, 1973, Tttese photographs and AlSM observations were the o n l y  
ohsc?rvat,i.ons which  c.ould !>e made i n  t h i s  near-perihelion rime frame. 

S i x  frames (two white l i g h t ,  two at 2500 x and two a t  3600 x> 
o f  atmospheric d a t a  were obta ined  during the first EVA, befo re  a 
hardware. problem occurred which prevented further photography, 
Nikon camera was used during the near-perihelion EVAs,  Unfortunately, 
t h e  photographs taken w i t h  this camera were a l l  out-of- focus, The 
lhldley Observatory personnel believe t h a t  the photographs which are 
i n  fncos  are m i q u e  and conta in  valuable i.aformat€on on the ozone structure. 

The 
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They hope t o  prove the power o f  t h e  coronograph technique f o r  a e r o s o l  
monitoring. They f u r t h e r  believe the out-of-focus d a t a  can be r e s t o r e d  
to a g r e a t  extent. 
en la rged  due t o  the out-of-focus c o n d i t i o n  bu t  may be used t o  
determine an upper  l i m i t  on t h e  comer’s b r i g h t a e s s .  

The 84 Cornet Kohoutek frame images were g r e a t l y  

2. TO27 Contamination Measurement. The PI for Experiment: 
TO27 i s  Dr, J. Nuscari of Mart in  Marietta Aerospace i n  Denver, 
Colorado * 

Two d i f f e r e n t  hardware systems were used t o  i n v e s t i g a t e  t h e  
e f f e c t s  of contaminat ion found about the orbital assembly and t o  
measure t h e  sky b r i g h t n e s s  background caused by s o l a r  i l l u m i n a t i o n  
o f  p a r t i c u l a t e  contaminates.  One system was t h e  Sample Array (SA) 
system which was performed an SL-2. The o t h e r  w a s  t h e  Photometer 
System IPS) .which was performed on SL-2 and 52-3. 

a. Surface Deposit ion.  [ 3 O j  “The sample a r r ay  system 
contained 248 o p t i c a l  s u r f a c c s  and exposed o u t s i d e  the  OWS d i d  not  
c o l l e c r  any s i g n i f i c a n t  con tae inan t s .  Only t r a c e  amounts of surface 
deposired conraminanrs have becn s e e n ,  i n  a l l  cases  the measurement 
was nea r  t h c  l i n i c i n g  s e n s i t i v i r y  of the instrument .  Wnfortunate 
performance compromises and t h e  re la t ive  c l e a n l i n e s s  of t h e  assembly 
( r e s u l c  o f  a r i g o r o u s  NASA Skylab contamination c o n t r o l  program) on 
the  a n t i - s o l a r  s i d c  appeared t o  p l a c e  the arnount o f  available s u r f a c e  
contarninants near  the l i m i t i n g  s e n s i t i v i t y  of  t h s  sample a r r a y .  Mass 
spectroscopy on the  t r a c e  con taminan t s  show t h e  presence of high 
nolecular  weight: species,  up t o  773  amu. The daLa sugges ts  t h e  
presence o f  condensed aromatics.  

Su r face  depos i r ion  o f  contaminants on Skylab was ve ry  ev iden t  
i n  the area of the  EVA ( c x t r a v c h i c u l a r  a c t i v i t y )  quadrant  of t h e  
a i r l o c k  module. Photographs calcen d u r i n g  each o f  the t h r e e  missions 
show a darkening of  t h e  white  s u r f a c e s  i n t o  a yellow brown co lor .  
Seve ra l  oi t ne  experiments performed i n  t h i s  area wera a f f e c t e d  by 
contaminants,  S a p l e s  o f  contaminated s u r f a c e s  Erom S230 p r i n c i p a l  
i n v e s t i g a t o r  Dr. D. Lind, DO24 p r i n c t p a l  i n v e s t i g a t o r  D r .  W. Lehn, 
SO20 p r i n c i p a l  i n v e s t i g a t o r  D r ,  R. Tousey, and S228 p r i n c i p a l  
i n v e s t i g a t o r  D r .  P. P r i c e ,  were s t u d i e d  I n  ou r  l abora to ry .  

Seve ra l  S230 metal  f o i l  d e t e c t o r  c u f f s  were exposed throughout 
t h e  Skylab mission on t h e  ATM s t r u t  deployment spools. The foil. 
d e t e c t o r  c u f f s  were r e t r i e v e d  and r e f u r b i s h e d  by EVA and returned t o  
earth For a n a l y s i s .  Eleven small s t r i p s  were measured fo r  total .  
r e f l e c t a n c e  from 0.25,km t o  2.5 ~ r n  and d i r e c t i o n a l  r e f l e c t i o n  with 
hemispherical  i n c i d e n t  i n f r a r c d  r a d i a t i o n  from 1 . 2 ~ m  t o  2 O . 5 p  m. 
Th? f0i.l.s were v i s i b l y  contaminated with a f i l m  and  t h e  r e f l e c t a n c e  
wes s i g n i f i c a r , t i y  lower than the backup f o i l s  which remained on t h e  
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ground, 
oE t h e  f o i l s  and the observed 1nterft.rrxtce bands throughnut the v i s i b l e  
wavelength reg ion  were used to calcarlatc the thicknesses of the 
conraminant. F i g u r e  57 shows ar~  example of t h r s e  hands. 

T h e  r e f l e c t a n c e  was used t o  c a l c u l a t r  the s o l a r  abgorptance 

I n f r a r e d  a h s o r p r i w  bands nE the contaminant  on t he  5230 
f o i l s  were observed. “Recauw the Coolanol-15 (thermal. c o n t r o l  f l u i d )  
r e s e r v o i r s  a r e  l o c a t e d  behjnd the  shrorld of the  airl .ock module and i.t 
was necessary t:o recharge the system bccauae o f  a drop i n  p r e s s u r e ,  
Coolannl. has been consi.dered a prime candida te  as the contaminant..” 
Abfiorption bands For Conlat101.-15 were obtained f o r  ccrmparisnn with 
t h e  S 2 3 0  contami.nant. “MiiZe the abso rp t ion  bands of t h e  contaminant: 
show some c o r r e l a t i o n  t n  Gootanol-15, there b s  f n s u f f i . C i . m t  evidence 
to d e € i n i . t e l y  po in t  t o  cont.aminat.ton hy t h i s  f l u i d . ”  

“Sel.ected thermal control coa t ings  of  DO24 were  exposed d u r i n g  
the mission on the a i r l o c k  module t r u s s .  The samples became progressively 
darker on the l a t e r  mi s s ions ,  once again covered w i t h  a yel low-brom 
film, A sec t ion  of one met.al handle  was measured i n  our l abora tory  
t o  o b t a i n  t he  absorption bands of the contaminant. Very strong and 
broad abso rp t ion  bands were seen from 9 Um ta  Z Z & n i ,  sugges t ing  a 
s i l i c e o u s  materi.al.. 
p r o p r i e t a r y ,  t h e  i ransrniss ion s p e c t r a  i n d i c a t e s  t h a t  ~t i s  a s a t u r a t e d  
a i  kyl s i l i c o n e  a I ’  

Although the cornpo$ftion o f  Coolnnol-15 is 

“The SO20 UV/X-ray spec t rograph  mounted t o  a s t r u t  near the 
EVA hatch nf t h e  airlock module experienced a significant dec rease  
i n  the t ransmiss ion  of t h e i r  indium and berylltum t h i n  film f i l t e r s .  
Two nlain absorption bands were attrfbrrtab1.e to a contaminant, at 
9.9diim and 1 3 . 5 p m .  
cletirmine the  contaminant speci-es, 

Once aga in  there are too f e w  bands t o  d e f i n i t e l y  

Lexan p l a s t i c  sheets  of experiment S228 were c l i p p e d  o u t s i d e  
the air luck h a t c h  and t h e  aluminized rape used t o  hold the  shee ts  
showed no v i s u a l  evidence. o f  contaminant, There were no s i g n i f i c a n t  
ahsorppi.cn bands i n  the i n f r a r e d  r e f l e c t i n n  spec t ra .  I ?  

b, P a r t i c u l a t e  S c a r r e r i n g .  “The TO27 photometer system 
t7a5 dc!signed t o  s t u d y  t h e  n a t u r e  and e x t e n t  of contaminants  surrounding 
the Oh. The expecr.ed in format ion  from the photometer d a t a  analysis 
will be: 

A. B r i g h t n e s s  and p o l a r i z a t i o n  of  scattered sunlight from 
t h e  contaminant cloud, 

33. Spatial distribution and temporal v a r i a t i o n s  of  the cloud, 

C. Physical prnpereies  of the contaminant p a r t i c l e s ,  and 

#, C ~ ~ f d e l i n e s  f o r  R model. o f  spacecraft contaminatfon,  

http://ahsorppi.cn
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The e x t e n d i b l e  mast: deployed the photometer head through the  
a n t i - s o l a r  airlock on SI,-2 and SL-3. The. head w a s  mounted o n  a 
gimbal system a t  the end o f  t he  mast alIowi.n@ scans i n  elevation and 
azimrith through I . i m f t s  n f  0 t o  1.12.5'' and 0 t o  354 , respectively. 
The photometer head con ta ins  a Fabre o p t i c a l  t r a i n  with a r o t . a t i n g  
polar : j ,z ing disk, t e n  s e l p c t a h l e  f i l t e r s ,  a var iab le .  field-of-view wheel, 
artd a the rmoe lec t r i c  coolerlheater t o  r e g u l a t e  t he  temperature of the 
plintnmul Liplier cathode. A radioactive l o w  level. l i g h t  source was 
used t o  moniror t he  cond i t ion  of the  head. A l6nun camera recorded 
the  o b j e c t s  i n  the fj.eLd-of-view, Sunshields  all.owed d a t a  
a c q u i s i t i o n  tto w i t h i n  1.8 o f  the  sun o r  other b r i g h t  sources. 
Twenty three te lemet ry  cliannels moni toyed t h e  photrontrrltiplier vo l t age ;  
pn1.arizF.r wheel o r i e n t a t i o n  p u l s e ;  temperatures  of the cathode a r e a ,  
f i l t e r  wheel, and 1i .ght  source, ;  e l e v a t i o n  and azimuth p o s i t i o n ;  
camera and pl-rotoruultiplier s h u t t e r s ;  pliotomu1tipl.ier g a i n ;  p o s i t t o n s  
of t he  f i l t e r  w l i ~ e b  and f i e ld -o f -v i ew wheel; and l i g h t  solirce 
p o s i t i o n ,  A prograrnmr al.lowed automatic  performance of any selected 
pr:og~?am from severi d i f f e r e n t  uperations. System monitor, f i x e d  posi - 
t i o n ,  v e r t i c l e  c i r c l e  scan,  almricantar scan ,  d e t a i l e d  limited sky 
mapping, a l l  sk.y mapping, and system r e t r a c t i o n  p o s i t i o n  were t he  
 sever^ programs to operate  the photometer head. 

0 (3 

0 

The photometer was extended through tIic a n t i - s o l a r  a i r l o c k  
twice durfng SL-2 and e i g h t  of  t he  f i f t e e n  m i n i m u m  r equ i r ed  programs 
were performed, Approximately 17.5 hours  of d a t a  was taken on ST,-2. 
As i .s  t h e  case of t h e  sample a r r a y ,  t h e  performance of the  photomc!ter 
on  SL-2 was g r e a t l y  reduced from the pref l igh t .  planning. F i r s t  t he  
solar ;ti.rl.nck was unusable ,  sec.orid the system was not: performed e a r l y  
in t he  m i s s i u n  t o  s tudy  e a r l y  contaminat ion,  t h i r d  only two se.parare 
performances were done f n s t e a d  of three widely sepa ra t ed  performances, 
and last only e i g h t  of  t h e  fifteen minimum programs were done. The 
photometer was extended through the a n t i - s o l a r  a i r l o c k  once dur ing  SL-3,  
A f t e r  per fo rming  s i x  d i f f e r e n t  programs, t he  crew was unable t o  
p o s i t i o n  t h e  head f o r  r e t r a c t i o n  and the  extended p o r t i o n  o f  the 
photometer was e j c c t e d  from t h e  a i r l o c k .  
o f  d a t a  w a s  taken before  rhe head was e jec t ed , "  

Approximately 6.7 hours  

"Two d i f f e r e n t  t y p e s  of da t a  has been availab1.e fo r  the  
ana lys i s  of f l h ~  photometer data .  During the mission a t  Johnson Space 
Cenrer s t r i p  chart  recorders provided GMT, pho tomul t ip l i e r  v o l t a g e ,  
and pol -a r izer  p o s i t i o n  p u l s e s  I n  near real-time, a long  with a console 
v ideo  d i s p l a y  of t he  remaining photometer t e l eme t ry  parameters. 
Ground s i t e  coverage u n f o r t u n a t e l y  was s c a r c e  during the t i m e s  of  
photometer performance. However, first order estimates in coatamin- 
ation assessment was poss ib le  during  the mission.'' 
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"Processing a€ the  r a w  t e l eme t ry  d a t a  rapes has been a long 
and d i f f i c u l t  p rocess .  It now appears t h a t  t h e  experiment u s e r  tapes 
being fu rn i shed  by X a r s h a l l  Space F l i g h t  Center a r e  c o r r e c t  and the  
needed tapes  are  r a p i d l y  be ing  d e l i v e r e d .  A s  each tape arrives t he  
p h o t o m u l t i p l i e r  v o l t a g e  d a t a  i s  decornpresscd by a subrou t ine  c a l l e d  
BERRTARD ~ i l i c h  r e g e n e r a t c s  the d a t a  points e l imina ted  by t h e  Skylab 
t e l eme t ry  compression scheme, To remove unwanted n o i s e  from the  
decompressed s i g n a l ,  a narrow f i l t e r  i s  used on the f a s t  F o u r i e r  
t ransform or' the o r i g i n a l  s i g n a l .  The F o u r i e r  t ransform o f  the  
f i l t e r e d  s i g n a l  i n  t h e  frequency domain gives t h e  r egene ra t ed  c l ean  
s i g n a l .  The m l s y  s p i k e s  and the. f a l s e  peaks and v a l l e y s  which would 
g i v e  e r roneous  c a l c u l a t i o n s  of the  pe rcen t  p o l a r i z a t i o n  and azimuth 
of the p o l a r i z a t i o n  e l l i p s e  a r e  reduced, D i s t o r t i o n  of t h e  i n f o r -  
mation as a f m c t i o n  of f i l t e r  bandwidth has been s t u d i e d  and s e l e c t i o n  
of  bandwidth i s  not  d i f f i c u l t ,  When t h e  f u l l  p rocess ing  p l a n  i s  i n  
o p e r a t i o n ,  t he  da ra  r e d u c t i o n  w i l l  be d i sp l ayed  i n  t h e  form of p l o t s  
of rad iance ,  b r i g h t n e s s  ( I n  u n i t s  of  s o l a r  s u r f a c e  b r i g h t n e s s  B/B,), 
p o l a r i z a t i o n  versus angle  f o r  each f i l t e r ,  A f t e r  t h e  sky background 
i s  removed, a s c r i e s  of i s o l i n e  p lo t so f  b r i g h t n e s s  f o r  the cloud 
i n  p o l a r  coord ina te s  a t  d i f f e r e n t  rimes i n  the mission w i l l  be used 
t o  develop the s p a r i a l  and temporal v a r i a t i o n s  of t h e  cloud, The 
p h y s i c a l  p r o p e r c i e s  of t h e  contaminant p a r t i c u l a t e s  will be determined 
by applying scattering t heo ry  to a l l  t h e  d a t a  ob ta ined  from the  v a r i o u s  
scanning and f i x e d  p o s i t i o n  programs. IT 

"The processed d a t a  a t  t h i s  time i s  s t i l l  t o o  minimal t o  
draw any conclusions.  However, t h e  nea r  real-  time d a t a  combined wi th  
t h e  small. arnounts of processed magnetic t a p e s  does i n d i c a t e  t h a t  
s c a t t e r e d  l i g h t  levels of  t h e  o r d e r  of  z o d i a c a l  light: t o  two o r d e r s  
of magnirade above t h a t  have been rneasurad, The amount of p a r t i c u l a t e s  
appears t r a n s i e n t ,  f o r  the s c a t t e r e d  light l e v e l s  change w i t h i n  minutes. 

Once a l l  che d a t a  i s  processed,  t h e  scattered l i g h t  v a l u e s  
w i l l  be compared t o  t h e o r e t i c a l  v a l u e s  p red iced  by Mie theory.  A 
F O X T W  program ( M E S C A )  has been c o n s t r u c t e d  t o  c a l c u l a t e  t h e  total. 
5 r i g h t n e s s  and the r a t i o  of p o l a r i z a t i o n  i n t e n s i t i e s  i n  t w o  pe rpend icu la r  
p lanes .  The colunr, d e n s i t y  and s i z e  d i s t r i b u t i o n  w i l l  be determined 
by comparing the  brightness and p o l a r i z a t i o n  measured i n  f l i g h t  w i th  
t h e  t h e o r e t i c a l  calculations. By assuming the composition of rrhe 
p a r t i c u l a t e s  acd varying the s i z e  d i s t r i b u t i o n  rhe model should 
converge t o  the measured f l i g h t  va lues .  The s i z e  d i s t r i b u t i o n  
f m c t i o n  u s e d  i n  our  model i s  a Zeroch order l o g a r i t h m i c  d i s t r i b u t i o n  
(Z0L;D) . 
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